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ABSTRACT 


A representation of the Univac AN/UYK-20 computer ՏՏՀ» 
tem has oeen emulated on the Burroughs D Interpreter-Based 
System. The entire ANZ/UYK-20 instruction repertoire has 
been emulated with the exception of the ‘math pac’ option 
Salina point arıitnmetie and cocdic functions), clock and 
interrupt codes, and inout/output operation codes. Modular 
design with ERES UE documentation has been implemented 
throughout proaram develocment allowing for ease of modifi- 
cation and further extensions to the existing emulation. 
Emulation and the haroware architecture of the AN/UYK-20 and 
the Burroughs D-machine, are discussed in conjunction with 
the AN/UYK=20 emulation itself. Methods of testing and 
debuaging, sample test proarams and recommendations for con- 


tinued design modifications to the emulation are presented. 
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I. INTRODUCTION 


A. STATEMENT OF THE PROBLEM 


The Navy has been challenaed with maintaining the 
newest, most efficient tactical data systems consistent with 
the continually increasing demands and requirements of the 
real-time environment. There iS an extensive conversion 
effort reauired to change from existing systems to newer 
more sophisticated technology such as the AN/UYK-20. 
Inherent in uograding to a new system is the complex 
software redesign and modification process which is often 


hindered by the absence of the new computer system. 


Unfortunately, the demands of a military installation 
reauire software ceneration prior to implementation of an 
upgraded computer system. One solution to this oroblem is 
to utilize for software develooment an intermediate computer 
System „nich has the capability of emulating the anticipated 
target machine. This provides a vehicle for software 
design, development, and testing prior to transitioning to 


the new systen. 


Currently, the Naval Postgraduate School (NPS) Comouter 
Science Deoartrent maintains a Burroughs Interpreter-Based 
System known as the Burroughs D-machine. The D-machine is 


capable of boeing microproarammed to emulate any of a miriad 





of target machines. It effectively enables students to 
Create their own comouter knowing only the machine instruc- 


tion repertoire for the control unit in the target machine. 


The problem presented was to develop a feasible working 
model of the AN/UYK=20 on the microprogrammable Burroughs 
Demachine. The project provided an opportunity. to obtain 
practical experience with contemporary hardware and to manic 
pulate writeable control stores to imitate a Navy tactical 


computer. 


B, APPLICATIONS OF THE AN/UYK-20 


The Univac AN/UYK-20 minicomputer is a general purpose 
militarized oadigital computer adaptable to numerous tactical 
applications. The AN/UYK=-20 has been successfully utilized 
in many time-critical, real-time systems including fire con- 
trol radar» communication controllers, sianal processing 
analyzers for sonar and beacon signals, and numerous weapons 
control systems. A subsequent chapter will be devoted to 


the technical asoects and internal design of the AN/UYK-20. 


Because of its size, ruggedness, and computing capabili- 
ties, the AN/UYK-20 has been designated the Navy's standard 
tactical minicomputer [lo]. It was selected for emulation 
in order to provide a feasible platform for software 
develooment to those military installations either contem- 


olating or in the process of receiving an AN/UYk-20, 
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A workable emulation would allow military applications 
such as data reductions navigation, telemetry, sensor prom 
cessing, ranae tracking and logistics to have software pack- 
ages developed, testeo, and modified prior to arrival of the 
AN/UYK-20. Furthermore, it would permit personnel to become 
familiar with the machine by providing advanced training, 


thereby easing the transition phase to the new system. 


E PROJECT DESIGN OBJECTIVES 


Several design techniques were used throughout the 
gevelopment of this project: 1) modularity, é) structured 
programming, and 3) extensive documentation. These design 
features will aid the interested reader as well as simplify 
any future extensions or modifications to the existing emus 


latione 


Modular design was utilized by creating independent pro- 
gram segments which were individually develoved, debuaged» 
and tested. These mocules or subroutines crovided a strong 
foundation which were readily moaified throughout the entire 
proarammina effort. Conceptually, the emulation was divided 
into relatively small entities which were further reduced to 


program seaments rarely exceeding one page in length. 


Structured proaramming was demonstrateo by utilizing a 
linited nurber of control flow structures and maintaining a 
common logical desian throughout the entire emulation. 


Comprehensible code held orecedence over extremely efficient 
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COUP. 


In addition to modularity and Structured programming, 
the entire programming endeavor was supplemented with exten- 
sive commenting to provide the necessary self-documentation 
to promote and facilitate program translation, modification; 
and fusing witn the other independent modules. These con- 
cepts promoted the extensive team effort required to achieve 
the research aoals. In addition, it will provide ease of 


program maintenance and modification in the future. 
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II. EMULATION 


A. HISTORICAL BACKGROUND 


The term microprocramming was first utilized in an arti- 
cle by Professor M. V. Wilkes of the Cambridge University 
Mathematical Lanoratory in 1951 (241. His paper concen- 
trated on a control section within the computer which, when 
programmatically controlled, performed regiSster-to-register 
data transfers  seauentially and in parallel for the execu- 
tion of a single machine instruction. A sequence of opera- 
tions (microinstructions) required for execution of a 


machine instruction is considered a microprogram. 


Traditionally, tne computer has been composed of essen- 
tially five components: | the arithmetic/logic unit, the con- 
trol unit, memory or storage, input, and output (Figure 
|| ,و(‎ Ine control section sets the proper conditions for 
the opening and closing of required gates in the logic net- 
— Historically, the control section has been hardware 
consisting of a series of decoders and flip-flops along with 
their associated Cameuntry. Therefore, every machine 


instruction had a fixed interpretation which was hardwired 


within the control unit. 


In 1957, Wilke's definition of microprogramming was 


slightly modified. It was defined as a technioue of design- 


1:3 





ing the control circuits of an electronic digital comouter 
to interpret and execute a aiven set of machine ooerations 


as am equivalent set of micro-ooerations [15]. 


The hardwired control section can be modified by inter- 
changing ROM modules or other hardware components, by 
replacina the control section with a programmable (dynami- 
cally writeable) control store which in itself is a Separate 
word-organized memory (Figure II-2) or by combining both 
aoproaches. A orogrammable control store allows rapid 
changes in the machine's instruction repertoire while main- 
tainina maximum desicn flexibility. The resulting computer 
system is microproarammable and capable of storing a series 


of changeable machine versonalities. 


The comouter control store can thus be modified to allow 
the execution of machine lanquaqe programs intended for a 
variety of machine architectures. This process can be conm- 
pared to reolacing hardware components found in convention- 
ally aesigned computer systems. The primary advantage of 
microorogrammed logic is the capability to perform various 
control seauences without hardware modifications. The pro- 
cess through which the hardware components of one machine 
(host) are made to imitate the specific hardware charac- 


teristics of another machine (taraet) is known as emulation. 
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Emulation allows the computer scientist to create  vari- 
ous machine architectures from a single microprogrammable 
host. The comolete set of eo Rs (firmware) and the 
necessary hardware, as well as the required software, added 
to one Computer system enabling it to execute programs 


designed for another system is known as an emulator. 


B. MICROPROGRAMMING 


Computer manufacturers have made available numerous 
microoroarammable machines which permit the user to tailor 
his instruction repertoire to meet the neeas of his oarticu- 
tame acpiication. Some examples of microoroarammable com- 
puter systems are the Burroughs D=-machine, the Nanodata 
EL the Varian 735, the Standard Logic CA5H-=B, or the 
Hewlett-Packard 2100. These microorogrammable systems pro- 
vide the benefits of flexibility, lower system costs and a 
Systematic aoproach to system design if utilized effec- 


tively. 


When a manufacturer desiaqns a dynamically writeable cones 
tro] store, the amount of parallelism to be allowed must be 
determined. Parallelism is defined to be the simultaneous 
control of numerous hardware resources. There are basically 
three forms of control: vertical, horizontals and residual. 
In vertical microprogrammina, each instruction controls a 
single overation with proaram flow being sequential, unless 
the instruction was a Conditional or unconditional branch. 


By contrast, a horizontally microoragrammed machine is 
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programmed via Instructions which simultaneously control 
multiple resources includina condition testing and microin- 


struction sequencina. 


Horizontal microinstructions usually are not encoded 
which means each bit controls one machine res o or opera- 
tion. They usually have a wider word than vertical instruc- 
tions and consequently consume more memory. Vertical 
instructions are usually encoded with one or two levels. 
odino means the value of a control field in the microin- 
struction is a binary code soecifying which resource or 
operation is to be performed. The horizontal microinstruc- 
tions have the potential of being much more efficient 
resource managers and consequently are more difficult to 


optimally design than their vertical counterparts. 


Combining the attributes of horizontal and vertical 
microorogramming results in residual control. This method 
Saves memory by using vertical microinstructions while 
simultaneously controllina multiple parallel resources via 


setup registers. 


Microinstruction ¡implementation severely effects the 
speed of microprogram execution. In serial implementation, 
one Peron netruct Yon is fetched and fully executed prior էօ 
fetching the next instruction. This techniaue offers the 
advantage of logical simplicity while suffering from lack of 


efficiency since it consumes the maximum amount of time. 


'Parallel' implementation permits fetching of the next 
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instruction before termination of the previous tas truct VOM « 
The obvious advantage is execution speed which is of utmost 


importance when emulating another machine (Figure II-3) (21. 


Another sianificant microorogramming characteristic is 
the number of phases used in the execution of each microin- 
struction. A monoohase system means there are no subdivi- 
sions of the basic clock pulse and consequently each 
microinstruction is controlled by the transmission of the 
leading edge of a clock cycle. In a polyphase implementa- 
tion scheme, the basic clock cycle is subdivided into minor 
phases which are independently generated via hardware. 
Altnough polyphase operations are more complex and require 
complicated control, they do oermit faster resource manipu- 
lation when they are efficiently coded by allowing multiple 


operations to be performed during the same ohase(s). 


The microorogrammability of a given computer and the 
capabilities of its associated microorogramming language are 
directly effected bv the the presence or absence of each of 
the alternative ricroorogramming characteristics described 
above. Tne microprogramming language spectrum ranges from 
the lowest level ዕዮ microlanauage through the assembly 


languages to the high level procedural lanauages. 
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(ፎ) Time 


(a) Serial fetch and execute. 
(b) Parallel fetch and execute. 


(c) Combined serial-parallel where next address 
depends on conditions in present cycle. 


Figure II-3 [2] 


The problems of microprogramming can be significantly 
reduced if suitable software supoort exists and is readily 
available. This support is usually in the form of simula- 
tors and debuggers. Tyoically, a simulator provides an 
alternative to assembly level coding by permitting the user 
to code ina higher level language and yet achieve the same 
results at the exoense of some added memory and execution 
time. Debuggers are extremely useful in the developmental 
stages of microprogramming especially for new and experimen- 
tal system design. Debuggers permit dynamic access to the 
machine status and register contents at the instant they are 
employed, i.e. a trace feature. Some debuggers offer the 
oocortunity of assembling in-line. This option can drasti- 


cally reduce required detuaging time. 


The primary EE of microprogramming is to imple- 
ment the necessary control structure required for the 
analysis and execution of machine level instructions by 
means of programmed control stores rather than hardwired 
logic. Therefore, a aynamically microprogrammable computer 
can provide a software develooment system which can be a 
cost-effective aoproach to experimentation with potential 
candidates for reolacement computer systems or the design of 


f 
completely new systems to fit the needs of unique apolicas 


Laos 
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C. THE GOALS OF EMULATION 


À well-desianed emulation can provide an opportunity էօ 
experiment and create software for new computer systems 
before the actual hardware is available. een of 
an emulator can almost eliminate reprogramming, consequently 
smoothing the system transition period. In addition, emula- 
tion has provided a workable model of new systems under cone 
sideration for procurement, providing a much more detailed 


cost-benefit analysis of system conversion. 


Furthermore, it is often economically sound to emulate a 
second generation comouter with a third generation system. 
This orcvides growt^ to a contemporary system while fulfil- 
ling the reauirements of the past in a cost-effective 
manner. However, this can be a TOUT TET, the orogram= 
ming staff uses the emulation as a link to the old system 
and consequently fails to take advantage of the attributes 


of the new system. 


D. EMULATION VERSUS SIMULATION 


To accomplish the emulation objectives, certain design 
features must be incoroorated into an emulation. Naturally, 
execution time and allocated memory are the two foremost 
considerations. Traditionally, the concept of mimicking 
another computer has been accomplished by either a simulator 
or an emulator, two concepts often confused with one 


anotner. 
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A simulator is a series of high level language (HLL) ዕዮ 
assembly language statements which individually do not 
behave like the target machine instructions. The host 
machine executes 1፻5 own native instructions in order to 
imitate the target machine operations. Consequently, simu- 
lation is a rather slow technique because it requires an 
intermediate translation. In addition, simulation of cer- 
tain instructions such as bit manipulation and shifting 
operations can require an enormous amount of intermediate 
code aqeneration demanding ae significantly NU Cer memory 


allocation. 


An emulator 1S a microprogram that is executed on the 
host machine, performing machine instructions of the target 
machine. Since an emulator accepts the binary object code 
of the target machine and directly executes these instruc= 
tions, it can be extremely efficient in terms of time and 
space requirements. The execution time of an emulation is 
dependent upon many factors: clock rates of the two 
machines, freauency of memory references, high soeed shift- 
ing compatibility, reauired register mapping between target 
and host machines, bit manioulation capability of the two 
machines, condition code selection and testing, flexible 
data oatn selection capability, interrupt similaritites, 
input/outout compatibility, and microprogramming efficiency. 
If tne hardware features between target and host machines 
are extremely comoatible and highly efficient microprogram- 


ming has been employed, an emulation performance ratio (host 


ፎሮ 





to target) of nearly one to one can be attained. This emu- 
lation performance ratio (EPR) has been demonstrated by the 
emulation of the SKC-2070 on the Nanodata GM-1 computer. It 
is possible to achieve an EPR better than one to one under 
ideal situations, when the host machine has a much faster 


internal operation execution rate (11. 


Several distinct advantages can be realized using emula- 
tion as compared to simulation. The execution speed is sig” 
nificantly better by at least an order of magnitude. The 
target machine reoresentation in firmware is closer to the 
actual hardware design and total access to the lowest 
machine level is achievable. Perhaps most noteworthy, emu- 
lation provides the opportunity to rapidly create test beds 
for numerous machine architectures and provide a basis for 


new SyStem development. 


ለሚ ስ ለላ]!ዐበህ TECHNIQUES ,‏ وڅ 


Traditionally, there nave been three approaches for emu- 
lating machine instructions: 1) hardware or firmware assis- 
tance to a software simulation as demonstrated by the IBM 
3560/65 emulation of the IBM 7090, 2) independent host system 
hardware or firmware which crovides for complete execution 
of the target machine's instruction repertoire of which the 
Burroughs Ü-machine emulation of the AN/UYK-20 is an exam- 
ple, and 3) an auxiliary orocessor which is operated in con- 
junction with the host machine to execute target machine 


instructions (14). 
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Software-controlled emulation is usually characterized 
by categorizing the target machine instructions into three 
distinct classes: easily emulated instructions, complex 
instructions not readily emulated, and those instructions 
not deemed necessary for the desired application. Instruc= 
tion usage is significant in thts classification process, 
Each class of instructions becomes a candidate for direct 
hardware ዕዮ firmware imolementation. The first emulated 
function in this aporoach is usually the fetch and analysis 
operation. After the instruction is analyzed, the appropri- 


ate oocode subfunction can be executed. 


An alternative emulation technique is the firmware- 
controlled method. This approach is identified by having 
system control reside comoletely in firmware or hardware 
during the emulation process. All) instructions are executed 
on the host machine as if they were indigenous to the target 
machine. This method is much more efficient than the 
software-controlled techniques however, it iS more expensive 
and the cost differential is directly related to the 
required performance level. Performance is dependent upon 
the number of required data paths, arithmetic units, and 


other additional logic circuitry which must suoolement the 


host machine architecture. 


Upon entering the emulation mode in a firmwares 
controlled emulator, the machine performs like the target 
machine until encountering an exit situation. There exists 


three exit modes: 1) priority interrupt, ծ) not implemented 
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instruction, and 3) deliberate exit because of a debugging 


routine. 


The third emulation technique consists of utilizing aux- 
1liary hardware electronically attached to the host computer 
for the sole purpose of executing target machine  instruc- 
tions. In effect, a target machine is composed of host 
machine hardware with the 2 additional components 


required to create an effective emulator. 


Բ. EMULATION HARDWARE 


The develooment of writeable control Stores and 
microprogramming techniques have significantly influenced 
computer design. This section wil! describe some of the 


available dynamically microproarammable hardware (Figure 


II=4) 。 
The Hewlett-Packard 2100 is a general purpose minicom- 
puter. It has a unique control store divided into two seg- 


ments. One section is ROM and the other section 15 user 
programmable. The machine is vance microprogrammed 
using a standard 80 instruction machine language reoertoire. 
A debugger and assembler assist the user in microprogram 


develonrent [2], 


The Standard Logic CASri-8 is a high speed digital! con- 
troller with a separate control store. It consists of 16 
general puroose registers and an accumulator. The CASH-8 is 


vertically microprogrammed but does not support any language 
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above microlanqguage Լ6). 


The Varian 75 is a general purpose minicomputer that has 
a 150 instruction set. The horizontal microinstruction con- 
sists of 64 bits with 25 fields, some of which indicate 
register transfers, ALU operations, shifting, control store 
addressing, condition testing, 1/0 control and memory opera- 
tions. The Varian 73 contains both a ROM control store and 
a writeable control store loadable from main memory. À 
microprogram assembler and interactive simulator are avail- 


able (21. 


The Nanodata QM-1 is uniaue in that it contains both a 
control store and a nanostore which are ootn loaded under 
user program control., The 18-bit vertical microinstructions 
are stored in the control store, fetched and then inter- 
preted under nanoprogram control. ል horizontal nanoinstruc- 
tion is 550 bits which is subdivided imto five /¿-b1t vec- 
tors. Assemblers for both microprograms and nanoproqrams 


are ՅԿՅ118Ծ16 12). 


The previously described machines represent a small sam- 
ple of tne available microprogrammable comouter architec- 
tures. The availability and flexibility of these computer 
systems has stimulated demand for these devices. Conse- 
quently, hardware manufacturers have been compelled to pro- 
duce writeable control store equioment to satiate the needs 


of the computer market. 
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CONTROL STORE MICROPROGRAMMED USER MICROP ROGRAMMABLE 
REALIZATION : 


«առ «առ սառ սաթ առ առ առ աթ առ առ መ ጻ መ» ጠመ مس‎ — —— — -. պառ «առ «առ «առ «առ արթ «առ «աթ Կառ «առ «առ «աթ «աթ «առ «առ «առ «առ «ոռ «ոռ «աթ առ առ առ առ سے‎ «առ «առ «աթ «ոռ առ առ առ առ առ وس کے مس س‎ — — — — — — — —— — —— 


Main Memory e Burroughs B1700 
e IBM 5/360 Model 25 


lu d e Nanodata QM-1 


Interdata 85 ል 


e 
Varian 73 


e 
Fast Read/ Hewlett Packard 2100 


Fast Write 


0 
DSC Meta 4 


ROM 


e Interdata 80 
IBM S/360 Models 30,40,50,65 
RCA Spectra 70 Model 45 





None Preparation of Provision of 
User Microprograms Translator or 
Simulator 


SUPPORT AVAILABLE TO USERS 


Note: Relative microprogrammability is the distance from the origin 
to the machine point in two space. 


Figure II-4 (2) 
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ITI. ANZUYK=20 ARCHITECTURE 


Constructing an efficient emulation requires a precise 
understandina of the architecture and performance charac- 
teristics of the machine being emulated. An emulation must 
attempt to match the target machine's features and maintain 
its flexibility of hardware design as closely as possible. 
Although it is not recuired, an oocerational demonstration of 


the emulated machine can solve many emulation questions. 


In emulating the AN/UYK-20, architecture and perfore 
mance criteria were derived from technical publications» 
Since an actual machine was unavailable. When  inconsisten- 
cies appeared in the documentation, specific questions were 
poseg to a UNIVAC fiela engineer, who often tested programs 
on the AN/UYKXK-20 to resolve inconsistencies. Documentation 
coupled with an expert consultant provided sufficient infor- 


mation for emulating the AN/UYK=-20 successfully. 


Tne intent of this chapter is to outline those features 
of the AN/UYK-20 significant to tne emulation. A detailed 


hardware description can be found in Refs. 20, 22, 68. 
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A. HARDWARE DESIGN 


The AN/UYK-20 was designed for the Navy to fulfill the 
requirements for small or medium size general purpose data 
processing in shioboard, mobile shelter, or other military 
environments. Sperry Univac incorporated minicomputer tech- 
nology in constructing the AN/UYK=20, including MSI circui- 
try design, microprogrammed control, memory modularity, and 


asynchronous or synchronous input/outoput channels. 


The AN/UYK-20 had to be extremely flexible in its appli- 
Cations, offering 8 wide ranae of configuration possibili- 
ties which were derivatives of the basic design. Modular- 
ity, a concept highly desirable in a military environment, 
was achieved by offering options that could be easily added 


USING Printed circuit cards and/or memory modules. 


The AN/UYK=20 can accomodate up to eight 8K, sixteen-bit 
word boards of magnetic core storage with an access time of 
750 nanoseconds. The central processor is controlled by a 
programmable ricromemory which can be expanded by an addi- 
tional S512 words. The microorogram controller is programmed 
at the factory, but the additional micromemory option is 
user defined. Both sections of micromemory are programmed 
using fusible links, and once programmed they are completely 


Static (Figure III-1). 


A memory interface is responsible for the transfer Օք 
data to memory from the central processor (CP) and 


input/output controller (IOC). Both the IOC and the CP. are 
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capable of accessing all of memory (65,536 words maximum). 
The addition of direct memory access (DMA) provides a second 
memory interface and an additional access port which is con- 


nected to each of the two 32K memory segments. 


The input/output controller permits the central proces- 
sor to communicate with the external devices without 
interfering with program execution. The IOC has a maximum 
of 16 parallel or serial channels. Parallel aata transfer 
takes place asynchronously using 8-bit, 1l6-bit, or 32-bit 
transfers. Serial interfaces are either synchronous or 
asynchronous; w!th word-to-serial or serial-to-word conver- 
MOMS OCCUrFIing im the TOC. The JOC and CP compete for 
memory access through the memory interface with priority 
given to the IOC in the event of a simultaneous request. 
The IOC is permanently assigned several memory addresses for 


command word and interruct word storage. 


The addressable high-speed registers available in the 
ար የ ኮ=ጋ0 include the prograr address register (P-register), 
two l6-bit status registers (SRI and SH2), a real-time clock 
register (32-cits), a monitor clock redister (16-bits), and 
a set of sixteen 16-rit general registers. An additional 
EUuSck of 16 ES registers is an available hardware 


option. 


The sixteen qeneral registers were included to enhance 
the speed and performance of the AN/UYK-20, allowing most 


programs to use a great proportion of reaister-to-register 
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instructions. These aeneral registers can be used as  accu- 
mulators for arithmetic, shift, or logical functions, as 
index registers, or as temporary storage locations. The 
secona set of general registers can be readily employed via 
a status bit. This status bit designates which general 
register stack is to oe utilized. The duplicate set of gen- 
eral registers yields dividends in a multi-task or heavy- 
interrupt orocessing environment. This additional register 
set can de used to provide high-speed temporary Storage, 
thus avoiding slower main memory storage of working vari 


ables. 


The two lo-bit status registers and the program address 
register represent the machine status of the AN/UYK-20. 
When these reaisters are collectively referenced, they are 
called the program status word (48-bit PSW). The P-register 
indicates the next instruction to be executed. This 
instruction may be a ]lo-bit single-word instruction or a 
32-bit double-wora instruction. Proaram control can be 
modified by using an instruction which manipulates the con- 


tents of the P-reaister. 


Status register | contains bit information concerning 
condition code settings, overflow, and carry bits, interrupt 
codes, and numerous other machine indications (Figure 


ա 152) 


on 
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Status register 2 holds control bits for direct or 
indirect addressing, and holds interrupt codes. Interrupt 
processing routines set bits ın the interrupt code field 


corresponding to the IOC interrupt (Figure III-3). 


STATUS REGISTER 2 






L INTERRUPT CODE 










INDIRECT CONTROL BITS FOR Río 





INDIRECT CONTROL BITS FOR R4» 


_ INDIRECT CONTROL BITS FOR Ry, 





INDIRECT CONTROL BITS FOR Rig 


INDIRECT CONTROL BITS MEANING 
00 Normal Addressing. 
01 Normal Addressing. 
10 Indirect Addressing w/o indexing; 
IWl at Y = y. 
11 Indirect Addressing with indexing; 


IWl at Y = y + (Rm). 


Fiaure III-3 (23) 


The real-time clock and monitor clock registers provide 
program-controlled interruot capability which is useful for 
timing and synchronizing program segments with real-time 
events— The real-time clock (RTC) is a 32-bit register used 
as count-up storage while the monitor clock (MON) is a 
l6-oit count-down register. A one kHz internal oscillator 


controls the counting soeed of both registers. An optional 
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external clock operating at a frequency up to 50 kHz is also 


available. 


Interruot processina in the AN/UYK-20 is conducted using 
a priority level scheme which classifies interrupts into 
three priority levels (classes). Interrupts within the same 
class are assigned a priority ranking and a code which iden- 
tifies which processing routine to execute. During inter- 
rupt handlina, all interrupts of the same level or lower 
level are lockea out until the CP is completed processing 
the current interrupt. Higher priority interrupts can overe 
riae the lockout and cause the CP to honor them first, hold- 
ing the lower level interrupts in abeyance until higher 
level interruot orocessing is comoleted. The highest prior- 
ity interruots are hardware malfunctions, followed by 
software interruots, and at the lowest level, IOC ٣٣ 


PUDSE 


Permanent locations in memory corresoonding to each 
interrupt class hola the PSW and RTC when an interrupt is 
being honored. Likewise, other permanent memory addresses 
assigned to each interrupt class hold the appropriate inter- 


rupt routine entrance location to be loaded into the PSW. 


Memory adoressina is accomplished using 04 page address 
registers which seoarate memory into 1024-word pages.  Abso- 
lute addresses are formed by isolating the upper six bits of 
the relative address to find the cage address register 


number, and then concatenatino the lower six bits օ f the 
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page address register contents with the lower ten bits of 
the relative address (Fiaure III-4). Any operation that 
stores into merory sets the most significant bit of the page 


address register used in generating the address. 


Some additional hardware features of the AN/UYK=20 are 
those functions availatle on the maintenance panel of the 
machine itself. These include a breakpoint feature which 
allows an ooerator to insert from the panel an address which 
causes the AN/UYK=20 to stop execution when the selected 
address 18 referencec. Other available togales allow halt- 
ing execution programmatically using Key 1 or Key 2 on the 
maintenance panel. These additional hardware features are 


useful debugaina tools. 
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8. INSTRUCTION FORMATS AND REPERTOIRE 


1. Repertoire of Instructions 


The AN/UYK-20 instruction set is composed of nearly 
260 separate instructions designed to be both versatile and 
comprehensive. Both sinale-=word (1l6-bit) and double-word 
(32-bit) instructions are available. Some of these instruc- 
tions are specifically desianed to meet the requirements of 
a real-time environment. A few sample instructions include: 

a. Local jumo =- used to facilitate loops, ՏՅԿ» 
ina several steps in program execution. 

b. Reverse register = used in a communication 
environment when data is received in one 
seauence but must be transmitted in reverse 
sequence. 

Co Set bite clear bits and test bit = used to 
test individual bits in registers saving 
consicerable execution time in proarams that 
comrunicate via flags and status words. 

Additional flexibility is orovideaq when the ‘math 
pac' hardware option is included in the AN/UYK-20 confiaura- 
tion. Some 33 additional opcodes are added to the  instruc- 
tion set in order to increase the computational capabilities 
of the machine. An instruction for Square roots double pre- 
cision multioly/aivice instructions, as well as hardware 
trigonometric and hyperoolic functions which utilize 0" 


nate conversion alaorithms (cordic) are included. 
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Single-word instructions are generally employed when 
manipulating operands in high-speed registers. Double-word 
instructions are used in operations involving direct ዕዮ 
indirect addressing with or without indexing, or supplying 
16-bit constants to programs. Tyoical instruction speeds 


for a single-word versus a double-word instruction are: 


SINGLE -WORD DOUBLE -NORD 
ADD 15 - 1.5 usec ES EES م۸‎ 
LOAD 2... =፡1.. ISOC د را‎ 225 ር 
00١1٤١ 3.8 = 4.0 usec 4.4 - 4,6 usec 
DIVIDE Ե - 1.0 US ee SS SUS eE 


Nearly all instructions affect condition bits in 
Status reaister |. The AN/UYK-20 sets these bits as a 
result of two tvpes of operations. Most instructions that 
do not involve compare logic are categorized as arithmetic 
instructions. When the result of the arithmetic operation 
15 determined and 15 about to be stored in memory or a 
register, a condition code is set indicating whether the 
result is cosit?tve, negative, or zero. Compare instructions 
set the condition bits based on a greater than, less than, 
or equal to comparison of two registers or a register and 


the contents of a memory address. 


Two other bits in SR1 are set as a result of compu- 
tational or shi teing instructions. The overflow designator 
is set whenever an arithmetic or eat tt overatıon requires 


more ከ115 than are provided for in a reaister (16 ከ115). 
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The carry designator is set when an arithmetic operator gene 
erates a carry beyond the most significant bit of the regis 


ter. 


The AN/UYK=20 allows five different types of operand 
formats: sinqle-length, byte, literal, ootional floating 
point, and double-length. Sinale-length operands are 16-bit 
values with the sian bit assumed to be in the most signifi- 
cont bit. Inowaritumetic calculations. the single-length 
word is assumed to De a two's complement integer. Byte 
operands are considered B-pbit unsianed integers, and can be 
the most significant or least significant half-word of a 
memory location. Literal operands are 4-ԵյԷ unsigned 
integers aenotec by the 'm' field of a literal type instruc- 
tion. Floating point operands are formed using two adjacent 
registers or memory locations with fields containing the 
sign of the fractions the characteristic, and 24 bits of the 


fractıon. 


Double-length ooerands are concatenated from two 
Sayacene registers or two adjacent — addresses. The 
postessonificant half of the double-length ocerand is con- 
tained in the low-orcer register or memory address, and the 
least significant half in the next seauential register or 
address. The sign bit for both words resides in the hiqh- 
order bit position of the most significant half-word and 
when used Հո an arithmetic calculation, the double-length 
operand is treated as a two's complement տր Instruc- 


tions involvina double-lenoth operands reauire the low-order 
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register or memory address to be even, since the adjacent 
cell address is formeo by 'OR'-ing a 1 in the least signifi- 


cant bit of the address. 
en Instruction Format 


The AN/UYK-20 has five different ¡instruction word 
formats, designated by two-letter mnemonic codes. These 
codes are: RR (Register-Register), RL (Register-Literal), 
RI (Register-Immediate), RK (Register-Constant), and RX 
(Register-Incex). Each of these formats are designated in 
وهه وه ور تما‎ worc by a combination af the opcode field 


and the subfunction code. Reqisters are identified in the 


' t 


a and 'm' fields of the instruction, and are referred to 
by the notation ka and Rm. The 'y' field is treated as an 
address or arithmetic constant, devendina on the instruction 


[ዮኮ gure III*9). 


The format RR single-word instructions perform 
operations involvina the reaisters soecifieo by the 'a' and 
ېا‎ fields. No memory references are made to access 


operands, causing considerable savings in execution time. 


The 'a' or 'm' field may be used to index special operations 


on registers. 


Format RL instructions use 3 16-bit instruction 
word, usina one or two aeneral registers. The 'a' designa- 
tor selects the general reaister Ra or register pair Ra, Ra 
+ 1. Tne '"'m' desicnator contains the d-bit literal value 


which «ill be used in the instruction. 
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INSTRUCTION FORMATS 
1514113112111[0(918!7161514፲ 3] 


RR 


RL 


RI-1 
Local 
Jump 


R1-2 
indexed 
Memory 


RK 


RX 





d is signed number of instructions to jump, relative to current position. 
(* is forward; — is backward) 


15114113112111101918171615141312!110| 





a selects R4; m selects Ra. R m selects memory address. 


15/:41131121111101981716151413121110| [15[14113ከ2[1[)10[918[716[514[3121 || 










m = Q selects O. 


a selects R3; m x Q selects R 
Operand = y + Rn or O. 


mv 





a selects R5. m + O selects Rn m 7 O selects Û. 
y + Rm or O selects memory address. 


* Op ıs operation code 


Figure III-5 [23] 
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Rl format single-word instructions are separated 
into two catagories. RI Type 1 instructions are local jump 
instructions where the P-register is increased or decreased 
py the ավ: field" in the instruction. The ա field 
represents the two's complement deviation value and allows 
the P-register to be altered a maximum of +177 octal or -200 
octal. RI Type 2 instructions. involve operations that use 
the general registers Ra and Rm, and a memory address specie 


fied by the contents of Rm. 


The format RK instructions contain 328 bits of infor- 
mation. The upper l6-bits contain the operation code and 


the designator fields. The ‘a’ field selects the general 


register Ra, and the 'm' field denotes how the next word, 


'm' equals zero, then the 


containing 'yv', 1S to be used. 1۶ ո 
effective operand acoress Y, eauals 'y'. If 'm' does not 


equal zero, then Y is formed by addina the contents of Rm to 


Yo 


Format RX are Jouble-word instructions similar to 
the RK instruction that use direct and indirect addressing 


techniaues aetermined by the 'ጥ! field. If the 'm' field 
equals zero, then oirect addressing without indexing is 
employed, with the effective ooerand address formed from the 
اي1‎ fielac itself. If the 'm' field eauals 1 through 7, 11, 
13, 15, or 17 (octal), t^en direct addressing with indexing 
is employed. The effective operand address is formed by 


ր` the contents of Rm to 'y'. An 'm' field value of 10,‏ 17د 


12, Nds or 16 (octal) indicates indirection 15 to be 
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employed, and the indirect address control fields in. status 
register 2 contain information which is used to generate the 
effective operand address or a pair of indirect words. When 
the control fields eaual 0 or t, then direct addressing with 
undexino results. If the control! fiela equals e, then the 
contents of the first indirect word (I^1) is located at 'y'. 


Finally, if the control field eauals 35, then IW1 is located 


at y indexed by the contents of Rm. Indirect word format 
is shown in Figure III-6. Cascaded indirection is possible 


provided that the indirect words are properly encoded. 


Byte addressing is accomplished using RX format 
instructions. A byte identifier (8) is used to determine 
march half=word (8=bit) is to be referenced. 11 8 equals 0, 
then the most significant half=-word in address Y is the 
operand byte. WY BS ሀ... 17 then the least significant 
byte at Y is the operand. The least significant bit in the 
indexing register is used as the byte identifier, and the 
remaining 15 bits are used as the Indexing value for finding 
Y. Indirect byte operand addressing formulae are included 


Աթ նշ 111=ሮ. ihe following formulae aoply for direct 


byte operand addressing: 


m=O, Y=y, ana =0 
E fl fp IS و‎ 13, 15, or 17 octal 


Yzy + (Rm)/2 and B=LSB of (Rm) 





The oreceding section has described the fundamentals 
of the AN/UYK-20 instruction formats. References 21 and 23 
should be consulted for further information concerning 


instruction formats and decoding. 


INDIRECT WORD FORMATS 


OCTAL J 


VALUE ADORESS DETERMINATION 


Y = 1W2; if byte mode, upper byte ts used. 


Y s 1W2 + (Ax); if byte mode, LSB of Rx determines byw. ° 


Y 3 |W2 * (Rm); ıf byte mode, LSB of Rm dete nines byte. * 


Y = 1W2 + (Rm); if byte mode, LSB of Rm+! determines byte. * 





| = 0, DIRECT ADDRESSING, OPERAND AT AODRESS Y 


| = 1, CASCADED INDIRECT ADDRESSING, NEW INDIRECT 
WORD 1 AT ADDRESS Y 


* To determine the operand address when in byte mode, the conter»; 3f R.. or R 
right shifted 1 bit position and zero filled in the left most position 


m. ar no y are 


Figure III-6 (203) 
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IV. BURROUGHS D=-MACHINE 


A. HARDWARE DESCRIPTION 


The microprooramming facility at the Naval Postgraduate 
Schoo] is composed of a Burrouahs Intercreter-Based system. 
This system oossesses the characteristic of being dynami- 
cally microorogrammable and is designed using a simple 
91 2۶9 block structures» A typical system is made up of a 
number of  interoreters (processors), main memory modules, 
and input/output devices, alona with a switch interlock deve 
ice (Sul) controlling data flow on the data bus connecting 
the interpreters to main memory and peripheral devices. The 
heart of the system is the interpreter, also referred to as 


the D=-machine. 


A D-machine possesses five functional modules: the 
logico wt (LU), the control unit (CU), the memory unit 
(MU), nanomemory (NM), and microprogram memory (MPM). The 
system presently ን ԱՆ im the Computer Science Depart- 
ment combines nanomemory and microorogram memory into PDT 
በየ ክስር 10641 unit. The architecture of the. Ü-machine is 
designed around B-bit word slices. Word lenaths from 8 bits 
to 64 bits are permissible usina the same functional unit 


(E TERE IV=1). 
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Fiaure IV-1 [o] 
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The D-machine used for this thesis has been configured 
as a 32-bit word processor. Reference 17 provides a 
thorough and concise description of the architecture of an 
interpreter-based microproaramming system. Reference 6 
details the specifics of D=-machine microprogramming which 


must be thoroughly uncerstood by the programmer, 


lo Logic Unit 


TIherD=machıne's logico unit performs shifting» arith- 
Lucy. and logic functions and contains scratch pad regis- 
ters and data interfaces for the switch interlock. A11 
adcer ooerations are performed using two's complement arith- 
metic, and shifting is accomplished in a matrix of gates 


called the barrel Switch. 


The scratch pad registers Al, A2, and A3 are identi 
cal in function. They act as temporary storage registers 
within tne D-machine and serve as primary inputs to the 
adder. The control unit determines which register will be 
an input to the adoer. Any of the A-registers can receive 


the output from the parre] switch. 


The B register functions as the primary external 
input interface from the switch interlock. It acts as the 
second inout to the adder and can receive certain direct 
inputs from the adder's arithmetic operations. The b regis- 


ter can be loaded from any of the following sources: 
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a. The barrel switch output. 

ԵԾ. The adder output. 

C. External aata from the switch interlock (or con- 
trol oanel switches). 

d. The memory information register (MIR). 

e. The comolements of four bit or eight bit car- 
ries. 

f. The Barrel switch ORed with the adder, external 


data from the switch interlock, or MIR. 


The outout of the B register is filterea prior to 
gating into the adder. The 'filter' consists of 
true/complement selection gates which are divided into three 
sections: the most significant bit, the least significant 
bit, and all the remaining central bits. The output of this 
filter 1S the indeoendent result of these sections and may 
be either all zeroes, all ones, or the true contents or 
one's complement of the contents of the respective bits of 


the B register. 


The memory information register is the interface to 
tne switch interlock. MIP functions as a buffer to main 
memory or to a peripheral device. It is an output destina- 
tion of the barrel switch and its output can be sent to the 


B-register or the switch interlock. 


Tne adder in the logic unit performs all arithmetic 
functions and can be categorized as a version of a carry 


look-anead acder. The control unit can gate various combi- 
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nations of A, B, and Z inouts to the adder. An 'A' input is 
defined as an input from one of the three scratch pad regis- 
ters. A 'B' input is the output of the B register's 
true/complement filter aates. A 'Z' input is an external 
input to the logic unit and can originate from one of the 


following sources: 


a. The output of the counter in the memory control 
unit (MCU) which is gated to the most signifi- 
cant eight bits of the adder with the remaining 
DIES zeroed. 

D The output of the literal reaister in the MCU 
which is gated to the least significant eight 
bits of the adder with the remaining bits 
zeroed. 

C. An optional inout which is gated into the middle 
bytes of the adder with the most and least sig- 
nificant bytes zeroed. 

d. The output of the alternate microprogram count 
register (AMPCR) in the MCU which is aated into 
the least sianificant 12 bits of the adder (13 
pits for 8K micromemory macnines) with all other 
bits being zeroed. 


e. All zeroes. 


Two inputs, selected from the A, 8, ՕՐ Հ sources, 
are always aated to the adder. These inouts are referred to 
as X-select and Y-select. An Xeselect input may be either 


an ል input or a. Z impút. If it is not soecified, it 15 
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assumed to be zero. A valid Y-select has either a 8B, Z or 1 
as its input. Some Z inputs, however, are valid only as Y- 
select inputs. Any combination of valid X-selects and Y- 
selects are permissible addends, with an oction of adding a 
one to the least significant bit. For subtraction opera- 
tions, the value to be subtracted must be a Y-select; the 
Y-select input is subsequently two's comolemented and gated 
to the adder. All binary Boolean operations between two 
adder inputs are allowed, and dynamic condition bits for 
overflow (ADV), all bits true (ABT), and most/least signifi- 
pantobut test (MST/LST) are available to the contro] unit 
for testing. Bit testina is a valuable feature for decoding 


instruction words. 


The barrel switch is a matrix of gates that accepts 
parade! cate from the adder and shifts the data any number 
of places to the left or rignt with zero fill. It also can 
right shift the worc in an end-around fashion. The output 
of the barrel switch may be directed to any of the following 


destinations simultaneously? 


a. The A registers. 

ծ. The D&D register. 

Ce The memory information register. 

d. The least Significant 16 bits to the MCU  regis- 
ters. 

e. Ine least sianificant three to six bits to the 
control unit shift amount reaister (bit length 


depending on the word size of machine). 
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2 The Control Unit 


The control unit has five major sections: the shift 
amount register (SAR), the condition register (COND), part 
of the control register (CR), the decoder for microprogram 
memory content, and clock control. This module of the D- 
machine manaaes the functions of the processor, and is 


directly responsible for logic unit operation. 


SAR and its associated loaic control shifting opera- 
tions by  loadina shift amounts into SAR and generating the 
required controls *ndicated by the current microinstruction 
for the barrel Switch. In additions the SAR's logic gen- 
erates the ‘word lenath complement' of the SAR contents 
where the comolement 15 defined to be that amount which 
would restore tne bits of a word to their original position 
after Յո  end-around shift of N followed by an end-around 
shift of the 'comolement' of N. For example, if an end*- 
around right shift of 20 was required in a $é-bit D-machine, 
another end-around snift of the comolement of 20 (12) would 


be recuired to restore the contents to its original value. 
The condition resister has four major functions: 


a. It stores 12 resettable bits which are used که‎ 
error indicators, interrupts, Status, and 
lockout indicators. 

b. It selects one of 16 condition bits for perform- 
ing conditional cperations. These 16 bits are 


composed of the lé condicion bits Of the 


Sud 





condition register plus the 8. dynamic conditions 
generated by the LU adder during the present 
clock time. 

C. It decodes bits from the memory for resetting, 
settina, or reauesting the setting of designated 
Cites ofthe condition register: 

dic It resolves oriority between interpreters in the 
setting of global condition bits (GC), thereby 
providino a method of Cont ro lane interes 


interoreter lockout. 


Ihe control reaister stores the control bits of the 
Bcbpatomicroinstruüction that are not being used in the first 
phase of the execution cycle. The control register is sub- 
divided into sections which are used bv the memory control 
unit, the logic unit, and the control unit during the execu- 
SoM Cheese Of a microinstruction. For a description of time 


ina and phases, see section C of this chapter. 


3. Memory Control Unit 


The memory control unit provides tre basic address- 
ing interface between the D-machine and both main memory 
(S-memory) and microprogram memory (M-memory). One MCU can 
address 64K words (256K bytes) of main memory» and if the 
Demachine is configured with a second MCU, a maximum of 128K 


words can be addressed. 


The memory control unit has three major sections: 
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The microprogram address section controls the 
addressing ፅዮ microprogram memory and the 
sequencing of microinstructions. It contains 
the microprogram count register (MPCR), the 
alternate microproaram count register (AMPCR), 
the incrementer, the microprogram address cone 
trols register, and their associated logic. For 
standard 4K M=-memories, the MPCR and AMPER are 
le bits long. For BK M-memories, MPCR and AMPCR 
are 13 bits in length (the D-machines installed 
at the Postaraduate School employ 8K M= 
memories). AMPCR is a Y-select input to the 
logic unit adder. 

The memory/device address section contains the 
B-pit memory address register (MAR), two l6ó6-bit 
base registers (BR1 and BR2), output selection 
dates, ama associated control logic. when form- 
ina a memory address, the lower eight bits of a 
Dase er and MAR are concatenated. The 
concatenated 24-bit contents of BRI/ BRe and MAR 
(BMAR) is a valid Y-select inout to the logic 
unit adder. | 
Ine Z register section contains two registers 
which are Z inputs to the logic unit adder. The 
literal register (LIT) is an 8=bıt register into 
which constants are loaded. An 8-bit counter 
CORD ር ርር በር ስ COMI UNCON ICN € 70٩86 


overflow condition obit to control! iterative 
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looping. The Z register section also contains 
selection gates for the loadable counter and its 


associated logic. 
a, Microorogram memory (M-memory) 


A D-macnine may have a dual or single microprogram 
memory scheme. As inagicated earlier, the Demachines used in 
this emulation project had a single microprogram memory, 
consolidating the microprogram memory and nanomemory into 
one 56-bit proarammaole store memory, often referred to as 
Mememory. M Microprograms, consisting of 56-bit microinstruc- 
tions, are dynamically changeable oy the user, thus aistin- 
quishing the D-machine as an extremely flexible computing 


device. 


The seauencing of microorogram instructions IS cone 
trolled by a condition oit procedure which determines the 
successor command to be executed. M=memory provides data to 
the condition testina logic which then determines ۳ come 
dition is to be tested. The output of the condition testing 
[ኮን ን ን C is a T signal that is gatec to the successor 
selection logic. This loaic then selects between the three 
true and three false successor bits also provided by the M- 
memory word. Tne three selected bits provide eight possible 


successor combinations: 
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a. WATT Repeat the current instruction. 


5% SIEP Step to the next instruction. 


ee SKIP Skio the next instruction. 

d. JUMP Jump to another M-memory address. 

es REFN Return from a microprogram subroutine. 
و‎ CALE Call a microprogram subroutine. 

q. DAVE Step and save the instruction address. 
ere EXEC Execute one instruction out of sequence. 


The particular successor command chosen controls 
gates wnich select the acprooriate Meaddress from MPCR or 
AMPCR and provides incrementina logic for generating the 
next M=-memory address. Except for the EXEC command, the 


MPCk is loadea witn this M-memory address. 


B. NPS MICROPROGRAMMING FACILITY 


1: Physical Description 


۰ 


Tre Computer Science Department of the Naval Post- 
graduate School possesses a Burroughs Interpreter-Based Sys- 
tem consisting of three interpreters (orocessors) also known 
as U-macnines, a 6UüK 32-bit word, main memory module, a card 
reager, a dual cartricge disk drive, a line printer, and a 
Datamedia 2500 CRT functionina as a supervisor's console 
(Figure IV-2). All inout and output is performed through a 
single Demachine processor, hardware confiaured with device 
dependent ports (DOP) for peripherals and the external 


COCK., 
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After initial liaght-off and bootstrap, the system is 
configurea into two Burroughs 6700 = LIFO ALGOL Stack- 
machines, each adaressina 32K of AA each communicat- 
ing with the inout output processor (IOP) in a pseudo- 
multiprocessing environment. Software, written in ALGOL, is 
provided which runs on the B-6700 system. A resident moni- 
tor control program and disk file manager control the 
maintenance of system files and the execution of jobs ina 
batch environment. Both D-machines compete for system jobs 
inout from the card reader or CRT. Other software available 
includes Յո ՃԼՇՕԼ compiler (a derivative of ALGOL 60), a 
microorogram translator called TRANSLANG, a line editor, and 
a simulation program for microorograms. TRANSLANG provides 
the medium ሮሃ which microproarams are written. User 
microorograms loaded into a D-machine change its identity 


and destroy the Stack-machine previously loaded. 
Ce inouty cutout Interface 


Pivotal to the operation of the Burroughs system is 
the 3inout/outout interface. Only one processor, the IOP, 
communicates with oeripherals, and the other D-machines, 
configured as Stack-machines, must compete for its services. 
The IOP ር መርጨ asynchronously, using a conventional 
"nhandshake’ metnod. Since all! interpreters have access to 
the main memory moduler a communications link has been esta 
blished usina the upper two 3e-bit words of main memory. If 
a 3tack-machine wishes to communicate with the IOP, U 


pSces a message into address 65,555 known as the 'mailbox', 
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and issues an interruct (INT) to the IOP. The IOP periodi- 
Cy tests INT, and if set, will retrieve the contents of 
the mailbox (and mailbox - 1 if required) and perform the 
gesired  ooeration. The other Stack-machine is locked out 
from interrogating the IOP until it has completed processing 
the request. Normally, the operation requires transferring 
a buffer to some outout device. When the IOP has completed 
honoring the request» it olaces a comoletion code in the 
mailbox ana sets INT for the Stack=machine requesting the 
IU. This interpreter must halt execution and check A pd 
to see if the 1/U was performed successfullv, completing the 
hanoshaking process. This protocol permits both Stack- 
machines to cerform input/output independently of each 


other, provided both maintain strict memory boundaries. 


Another function of the IOP is interfacing character 
code formats betweer the peripherals and the other two D- 
machines. when the machines are configured as Stack- 
machines, characters are passed to the IOP tn 6-bit BCL 
(Burrouahs Common Language). The IOP must convert this 
Gmamacter set to ASCII for output to the line printer and 
CRI. A similar translation must be made for input data con- 
vertina from either EBCDIC or ASCII denending on whether the 


input source is the cara reader or the CRT. 
5 Memory Interface 
Since all three Demachines must share the 64K of 


main memory, a priority scheme was developed to resolve 
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memory reference conflicts. The main memory module is actu- 
ally a single-ported, 32-bit words core memory which can be 
made to appear multiported usina a switch interlock unit 
(SWw1) developed by Burroughs. The switch interlock controls 
the main data bus of the system, and resolves conflicts 
using a priority scheme, The D-machine with the highest 
priority is tne IOP, with the priority of the other two 
machines being relative to their physical proximity to the 
IOP. Once a memory reference has been made, a D-machine 
may continue execution without waiting for a completion sig- 
nal from the Switch interlock. Although this technique of 
memory referencina minimizes unnecessary delay, it restricts 
the program from chancing the read or write addresses or the 


content of MIN (write only) prior to a completion signal. 


C. MICROINSTRUCTION TIMING 


The Burroughs Demachine initiates a microinstruction 
once every clock cycle. The D=machines utilized for the 
AN/UYK=20 emulation operated from a one mHz internal clock, 
which produced a clock pulse once every microsecond. A D- 
machine gesianed with an eight mHz clock, emitter-coupleJ 
SG E PEEL)? and a faster memory cycle time, however» could 
execute eiaht times faster. This implies that advances in 
circuit technoloay car oermit emulations to achieve improved 


soeed and verformance with no change in the microprograms. 


Every microinstruction is executed using one or more 


sequential time periods, called phase 1, phase c, and ohase 
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5. A pnase is a constant interval of time equivalent to one 
clock duration measured from the trailing edge of each suc- 
cessive clock pulse. Some microinstructions only reauire 
ohase 1 to complete execution. Some require phase | and 
ohase 5, ana still others reauire ohases 1,2, and 3. A new 
microinstruction is initiated at each clock cycle, allowing 
for overlapping of microinstruction execution in phase 1 and 


phase 3. 


Microinstructíons consist of two types. In a type 1 


microinstruction, events can take place in all three pheses: 


Phase 1: condition testing, (conditional) external 
operations or (conditional) logic opera- 
tion initiation after completion of a 
orior loqic operation, and successor ~M- 
memory address control. 

Phase 2: a holdina chase for phase 3 logic opera” 
tion controls. 

Pnase 3: the completion chase for logic unit opera- 


tions and destination register gating 


specified by logic operation. 


During the optional phase 2 period, a type İi microin- 
Struction execution completion is held in abeyance while a 
subseauent type ծ instruction is executed. A type 2 
microinstruction requires only phase 1 to complete execu- 
tion, and involves literal assianments to three registers: 


SAR, and AMPCR. Phase ծ may also be initiated if the‏ ۰ با 
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next secuential tvoe 1 instruction does not execute its cone 
ditional logic operation and therefore can complete its exer 
cution in phase 1 (Figure IV-3). Appendix D of Ret. 6 has a 


complete aiscussion of microinstruction timing. 
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D. TRANSLANG 


Microproaramming on the D-machine is accomplished using 
a microtranslator/assembler called TRANSLANG. TRANSLANG 
allows the oroarammer tc write microinstructions mnemoni- 
cally without concentratina on the bit patterns that compose 
the microinstructions themselves.  TRANSLANG is written in 
ALGOL, the language of the BR6700 Stack-machine. Nearly the 
entire languaae of TRANSLANG is composed of reserved words 
recoonized by the ALGOL orogram. Each reserved word has a 
special meaning whicn causes the translator to construct 
particular microinstructions. A  TRANSLANG instruction is 
eauivalent to one microinstruction consistina of the set of 
parallel Demachine functions performed auring the clock 
phases. TRANSLANG is a free form language and instructions 
may oe written in almost any order. Multiple instructions 
may appear on a line, separated bv a oeriod '.'. TRANSLANG 
constructs include iterative mechanisms, input/output, 
assianment functions, control transfers, and Boolean, and 
computational operations. In addition, TRANSLANG permits 
label aefinitions and symbolic references for program cone 
tro! Hons Reference 6 is the programming manual for 
TRANSLANG ana contains the complete syntax for the language. 
Appendix A of Ref. 10 documents additions to the TRANSLANG 


instruction recertiore. 


A miercorogrammer may construct complicated microin- 
structions trat perform many aifferent tasks, some interact- 


ing closely with D-machine clock timing. Microinstruction 
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qatina to several cevices permits a single TRANSLANG 
instruction to accomplish some or all of the following 


Betıons: 


6. test a condition. 

b. set/reset Ia condition. 

Gr initiate an external operation. 

de ado. 

6. shift the result of an add. 

f. store the result into several registers. 

զ. increment a counter. 

h. complement a shift amount. 

lo determine the successor microinstruction. 
By judiciously composing his microprogram, a Orogrammer may 
minimize execution time by taking advantage of microinstruc- 


tion phase overlap and using highly carallel microcode. 


The TRANSLANG assembler constructs an object program 
consisting of. non-=relocatable 56-bit microinstructions. 
TRANSLANG maintains a cross reference table that resolves 
laoel references during assemoly. The object coge created 
is stored on a disk and may oe loaded into the micromemory 
of a Demachine የክ ደ a special control werd recoanized ሮሃ 
the operating system. Once loaded, the D-machine assumes 


the control structure dictated by the users microprogram. 
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V. |. AN/UYK-20 EMULATOR 


A. EMULATION DESIGN 


ES Functional Components 


The architecture of the AN/UYK=20 emulator micropro- 
gram was developed usina general auidelines provided by 
references and previous emulation experience on Burroughs 
D-machines pU The first decision incorporated in the 
emulator desian was to integrate the entire emulation within 
one D-machine. Since the D-machines had the capacity to 
handle nearly 8k of microinstructions, no microprogramming 
capacity limitations were envisioned. Tne design objectives 
of a modularized, well-documented, structured microprogram 


coulg also be realized. 


With the emulator entirely contained in one De 
machine, several secondary benefits also existed. First, 
the emulator was more immune to hardware oroblems. If “ore 
(machine was malfunctionina, the emulator coulda Stil) oe 
run on the alternate D-machine. Second, it was possible to 
have two AN/UYK=-20 emulators resident in the system at one 
time. hot only would two emulators speed uo testing of the 
individual emulation, bout they would also permit their even- 


tual use in a system configured for AN/UYK-20 multiprocess- 


ine; The third anc final benefit of a totally integrated 
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emulator was recognized during the desian of the 
1177/690۴ 6١٤٣٣ controller (IOC). Since the AN/UYK-20's IOC 
was capable of independent processing» an emulation օք its 
IOC would not be possible within the same D-machine. An 
emulation of the IOC could be accomplished in a second D- 
machine, which woulc behave as an independent channel for 
the OD-machine configured as the AN/UYK-20 processor. 
Although this emulation does not attempt to emulate the 
AN/UYh=20 IOC, the fact that a second Ü-machine exists makes 


its implementation a realistic extension to the project. 


The emulator crogram organization was created fol- 
lowing the basic auidelines of Ref. 17. Ihe loader occupied 
the lowest section of Menemory with the emulator microcode 
following sequentially. Microorogram control passed from 
the loader to the emulator via the execution of a ‘G* card 


which sianified execution commencement. 


The emulator microorogram was organized into three 
modules positioned such that forward address referencing 
would ne minimized in the TRANSLANG assembler to save time 
ard soace. The utilities section was in the lowest portion 
of the emulator, since its routines were referenced fre- 
quently by the succeeding sections. Individual subroutines 


within the utility section were oraanized alphabetically. 


The instruction and memory fetch routines comprised 
the next module. These routines incorporated all fetch 


options availaole in tne AN/UYX-20 emulator. 
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The opcode routines occupied the last section of the 
emulator. Tne opcodes were arranged numerically with 
further indexing determinea by the remaining fields of the 
individual instruction. Figure V-1 shows the M-memory map- 
ping of the AN/UYK-20 emulator layout. Appendix F contains 


the emulation program listing. 


2. Main Memory Organization 


Of primary importance in the emulation design was 
անա cal organization of the Burroughs system's main 
memory. Since tne AN/UYK=20 was a lo=bdit word machine, 1t 
was decided tnat only tne lower half-wora of a Burroughs 
3é=0it nord would be used oy the emulator. This design res” 
triction permitted tne addressing structure of the AN/UYK-20 
to be directly projected on the D-machine. A one-to-one 
correspondence between the memory adoress of the AN/UYK=20 


and the Burrougns system was also achieved. 


Since tne number of hiah-speed registers available 
in the Ü--achine was small, a 1K portion of main memory was 
reserved for the AN/UYK=20 addressable register set, the 
page adaress recisters, the temporary storage space, and the 
emulation ouffers. The mapping of the AN/UYK=20 hiah-speed 
registers to main memory greatly simplified the microproe- 
gramming requirements of the emulation, but added consider- 
able execution time overhead. Memory access times for the 


maopeg registers were much slower than the actual transfer 


68 





0000 


LOADER 


ها — 


ከ111 118.3 


| 


-一 一 一 一 一 一 一 一 一 


i TNEUT/OUTPUT CONTROLLER 


ԲԵՐԸ Լ 


OPCODE ANALYSIS 





i OPCODE 00 
OPCODE OI 
OBEODE 02 


OPCODER- 03 


OPCODE 74 


OPCODE 


OE CODE 





AN/UYK-20 EMULATION ORGANIZATION 


Figure Vel 


69 





rates of the AN/UYK-20 registers. Figure V-2 shows the com- 
plete main memory macpinc of the emulation reserved storage 


area. 
3. Emulation Program Status word 


Althouch the emulation duplicated all the AN/UYK-20 
reaisters, the registers which comprised the program status 
wora (PSW) oossessed uniaue characteristics. Status regis- 
ter l was combined with the program adaress register to form 
a single e-bit PS». The emulator's PSW always co-existed 
in tne Al register of the Demachine and in main memory dur- 
ing execution of AN/LYK-20 programs. Tne fields of SRI were 
modified to include certain emulator togales, along with the 
mons Condition bits (Figure V-3). The condition bits for 
DMA ana non-destructive reaa only (NDORO) moade were removed 
from tne SRI since they were hardware features of the 


AN/ZUYK-2U0 that would not oe emulated. 


Meus reaister 2, the remaining lo bits of the AN- 
UYK=20's PSN, was not resident in any Demachine registers 
during emulation execution for two reasons: the emulation 
could not afford the luxury of 48 bits of reserved register 
space, and SR2 was less freauently referenced than SRI and 
the Peregister. Conseauentiy, SR2 had to ke read from its 
reservea location in main memory. The contents of the uroer 
lo pits of SR2's memory location also contained additional 
emulation toggles which were used by the debugger package 


(Figure V-3). 
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վ. D=Machine Registers 


with only a limited number of hiah-speed registers 
available in tne ODemachine, the emulation design had to 
include a nell-developeo olan for their usage. Since only 
Seven  reaisters in the D-machine were 16 bits or lonaer, 
they were used exclusively for manipulating the AN/UYK=-20 
addresses, instructiors, ana data. The register environment 
had to te consistent throughout every execution cycle to 
allow utility routines to be callec in the same manner by 
all opcode subroutines., The primary goal of the emulation 
was to use as few memory references as cossible to conserve 
execution time and memory space. Judicious use of the 


existing registers was a necessity. 


Several factors haa to be considered before select- 
ing a register for a particular function. The most imcor- 
tant consideration was its flexibility within the D-machine. 
Tne B renister, for exarole, was used 3s a general purpose 
reaister, since its contents could be aated through a mask- 
աան. የይቦዮ orier to being utilized. À seconda factor was the 
type of operand it could contain. Double-word operands 
(32-bit) ccula only be stored in the 32g-bit logic unit 
registers while lo=snit operands could also be stored in the 


memory control unit registers. 


The Al recdister contained the  emulation's 32-bit 
programe status worsa (PSN) at the commencement of the emula- 


tor Orocr age. NE ac not atfecteg By individus. instruction 


ys 





microcode, exceot wnen incrementing the PAR, or when a pare 
ticular instruction modified the PSM. Emulator toagles 
resident in SRI could not be altered hy an AN/UYK-20 
instruction because their settings were independent of pro- 


gram execution. 


The A3 reaister held the instruction word for the 
٩3:37 Ol its execution cycle. Each fielo of the instruc- 
tion could be decoded and interpreted from the AS register 
without having to retrieve it from memory. Once the 
instruction nad been comoletely cecoded, A3 was nane avail- 


able as a scratch cad reaister. 


The A2 and B registers were used as scratch pad 
registers durina each opcode execution cycle. In general, 
their contents were volatile, except when they were specifi- 
cally documented in the the program listing. The contents 
of Ac, for examole, was not altered in the EMULIN 
suoroutine, because of its use in the calling fetch routine. 
A2 ang B were manipulated as either sinale or  double-word 


operands during the arithmetic operations. 


The only remainina loaic unit register was the 
memory information reaister (MIR). MIR was used for storing 
information into memory and as a temporary storage location. 
Intermediate results were aeposited in MIR during instruc- 


tion execution and returned through the B register. 


The base registers, BRI ang BRP, were used as 


Storage for addresses and singleslength operands, and for 
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temporary storage of intermediate results. In addition, all 
memory addressing in the emulation was accomplished using 
the lower 828 bits of BR2 and MAR (MAR2). These memory con- 
trol unit registers had to be used carefully, because they 
required a sequence of several microinstructions to properly 


reference their contents. 


B. LOADER 


The loader incorporated into the AN/UYK-20 emulation 
provided a simple mechanism for loacaing AN/UYK-20 instruc- 
tions into main memory (S-memory) of the Burroughs micropro- 
Gramming system  (Ficure V-4). Its control word repertoire 
was flexible, allowing a variety of AN/UYK-20 ይዮዕወቦዉጦ 
environments. Job control statements were included to exe- 


cute and halt individual orogrems anywhere in S-memory. 


The loader module consisted essentially of a scanner and 
ENULSnslator written in the microcooe. Information was read 
into a etewocd buffer from cards or "CRI  inout, then the 
buffer contents were scanned for control code consisting of 
one or more characters. Once these characters were inter- 
preted, control was oassed to the translator section Erde 
decoded the rest of the data in the buffer and performed the 
required function. The translator section consisted of a 
variety of routines that handled soecific control words in 
the loader renertoire. The loader control statements, how- 
ever, had to aopear in a looical sequence (See Appendix A), 


A11 loacer control statements are contained in Appendix B. 
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The actual interface pioeline between the loader and the 
emulator consisted of two small emulator utility routines 
which started and stopped the external clock of tne Bur- 
roughs microoroaramming system. These routines were 
inserted for emulation timing purposes, and provided a ‘stop 
watch' for AN/UYK=20 orograms. The time des (in mile 
liseconas) by this 'stoo watch! was placed in a reserved 
memory location in the emulation memory map, and could boe 
read usinq either a trace control instruction այ) or a 


Mame status control wora ('M'). 


աա ԷԷ FETCH MODULE 


In order የሮ emulate AN/UYK-20 execution and memory 
Gererencindg, fetch microcode was developed which incor- 
porated memory aadressing algorithms and instruction fetch 
routines. Since both data and instructions were equally 
accessible from the processor, the memory addressing scheme 
was Closely linked to the instruction fetch concent. Data 
ans truetions coula be interspersed throughout memory, 
and proper proaram execution required that the program 


address register point to an instruction word. 


The emulation usec two routines for memory addressing, 
ար որի or reading, and EMULOUT for writing (Figures V=5, 
Veo). These subroutines performed both pagina and break- 
point checking, derenaina on toggles set in the program 
status word. Pacina was incorporated into the emulation in 


order to gaune the execution overhead required in emulating 
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the AN/UYK-20's paaing scheme. The Daging scheme  imple- 
mented in the emulator divided main memory into 256-word 
pages, instead of 1024-word pages used bv the AN/UYK=20. 
Since the Burroughs D-machine was organized for 256-word 
pages, the microcrogramming required for the pagina was 
straightforward. The 256 page address registers resided in 
the emulator's memory mappina, each initialized to the page 
number corresponding to their relative address (0-255). The 
pacina algorithm imitated the  AN/UYK-2O0's method of page 
addressing, and included the settina of a page modification 


Sit. 


The breakcoint option was added to orovide a method of 
debugaing AN/UYK-20  orograms» once the emulation was com- 
pleted.  EMULINM and EVULOUT tested toogles set in the PSV to 


determine if oreakroint read, write, or both was desired. 


The memory addressing convention required all memory 
references from IK to 64K to use EMULIN and EMULOUT. All 
memory references to the memory nacoing area (0-1023) did 
not use these rcutines, but instead utilized absolute memory 


referencina microcode. 


78 





AN/UY*X 220 EMULIN 


Paqinga 
Houtine 


reakpt 
Routine 





Fiaure V-5 


79 





AN/UYRKe20 EMULOU’ 


| ተዮን 
Paaina Y Fagina 
Envakea? Routine 





ED 


af CR ն 
reakpt? 


Arite to 


Memory 





Figure V-6 


80 





Tne instruction fetch routine TEETER) retrieved 
instructions from main memory based on the contents of the 
program address register. Since IFETCH used EMULIN to read 
the instructions from memory, it could operate in a paging 
environment, with or without breakpoints (Figure V-7). 
IFETCH was also responsible for incrementina the PAR, and 
for testing the trace toqale prior to fetching an  instruc- 
աշ. iLFEICR was cacable of ር va ns any instruction word 
in the program address soace (1024-65,535). In the event 
that the tomes memory limit was reached, IFETCH would set 
the PAR to 1024 and continue execution. Trace toggle test- 
1213 was inserted inte [FETCH as part of the ouilt-in debug- 
ging oackaae. Since IFEITCH was "called prior to every 
Mestruction, it was the logical choice for placing a call to 


the debugger. 


51 





<> | 





Debuqaer 


PAR into 
BR? 


Emulin 


Set 
Y PAR = 


1154 


[ጣር rement 
PAP 


Exit 


Fiaure V-7 


ጸ2 





ከ ዱሙ 1 ከስ ን ው ፦ IMPLEMENTATION 


արա the 2905 individual Instructions emulated were 
microprogramred using an identical instruction decoding 
mechanism. The routines that performed the required opera- 
tions were terminal nodes ona large tree network, whose 
root was the OPCODE routine. OPCONDE fetched an instruction 
and isolated the oceration code field. The binary value of 
the oocode fielo was an index to an operation jump table 
containing individual orcode M=-memory adaresses. Within 
each oocode routine was microcode which isolated the sub- 
function 'f' field of the instruction and used its value as 
an index to the next level ot opcode analysis. Depending on 
the oocode, this last jumo could identify which instruction 
wƏs to ce oerformed. If it did not, further analysis of the 


m or մ 


Յ fields orovided the final index to the instruc- 


Hon. Instruction formats are described in Apoendix C. 


After the instruction had been RT control passed 
Back to the opcode routine, and then the execution cycle was 
repeated for the emulation of the next  AN/UYK-20  instruc- 
Eon. The AM/UYK-20 programmer could cause this micropro- 
gram looo to be exitec by either inserting an executive 
return ios tpUCtion (037074700) which Caused a “Sriaority 
0 ከው! and halted program execution» or by coding an 
instruction that was not implemented, not assigned, or 
caused a division overflow. The last three cases caused an 
execution fault, while the former resulted in normal orogram 


termination (Fiaure V-A). 
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The instruction fetch mode of OPCODE assumed that the 
PAR always pointed to an instruction word. Double-word 
instructions always had Ies 'y' fiela fetched after they 
were determinea to be two words in length. Conditional 
double-word instructions performed their condition test 
Before the "'y' field was fetched. If the test failed, the 
DE was incremented by two orior to returning to OPCODE for 


continued execution. 


The OPCODE routine was also written to accommodate the 
AN/UYK-20 ‘remote execute’ instruction. "when this operation 
was verfortmed, a b1t was set in the PS which would indicate 
thet one instruction out-of-line was being executed., For 
this operation, the current PS" was stored in memory, and 
the PAR was loaded with the address of the instruction to be 
executed. The OPCODE routine always checkea the remote exe- 
ማበ የጠ: ነህክህ!፡፡በዘቦ] ስሮ an instruction cycle. If the bit was set, 
it would fetch the instruction indicated by the remote exe- 
cute PAR, and restore the actual PAR, incremented by two, 


Mito the PSA 


Some of the opcode repertoire of the AN/UYK=20 was not 
emulated. Those instructions that were not emulated, hows 
ever, retained slots im the opcode hierarchy for future 
mel US OM Any instruction not implemented by the emulator 
caused the machine to fault, and printed an error diagnostic 
en Khe Selected cutout device ('MOT IMPLEVENTED = EXECUTION 
անտ '). Similarly, locations were reserved for those 


instructions not assignea by the AN/UYK-20 were reserved 
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locations in the emulation . This permitted the emulator to 
be responsive to any future AN/UYK-20 hardware modifica- 
tions. Whenever an instruction to be executed was not 
assigned, the emulator Generated a fault interrupt and 
printed an error diagnostic on the selected output device 


WERDET INTERRUPT = EXECUTION ENDS'). 


E. UTILITIES 


Although each emulated instruction performed different 
606 6۴38١۱6٤5 م«‎ each  decended upon a common set of utility 
Subroutines to accorolish their task. These subroutines 
varied in complexity» but each performed a function that 
contricuted to successful instruction execution. A simple 
operation often required reaister addressina, condition code 
setting, and memory agdressina, oefore the task was com- 


pleted. 


Utility Subroutines were included in the emulation when- 
ever feasible to simplify microproaramminc and to alleviate 
proarammina redundancy. These subroutines were called usina 
the successor command constructs available in TRANSLANG. 
Depending on the purpese of the utility routine, parameters 
were oassed via D-rachine registeríis) or condition ከ11(5). 
This information was utilized by the utility in determining 
«hat operation was to be cerformed. In Sebel carry 
subroutine, for example, a local conaition bit was passed 


whicn indicated the 3coropriate condition code to be 


inserted into the PSH. A more complex examole, the RX 
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format Utility routines, required two parameters to be set by 
the instruction. Register À3 contained the instruction word 
and LC2 was set or cleared depending on whether or not byte 
formatting was reauired. The Rx routine called other 
routines and could perforr considerable processing before 
the final result, the effective operand address, was 


returned to the callina routine via the B register. 


Tne utilitv section encomoassed a number of routines 
which performed complex data manivulation. Arithmetic util- 
ities for multiplication, divisions, and sauare root were 
accessed by nine separate AN/IJYK-20 instructions. Indirec- 
tion routines, whicn were called by the PX format routines, 
emulated the AMR/UYK-20 cascaded agaressina capabilities. A 
general purpose move subroutine oermitted up to 256 cells of 
main memory to be moved from one location to another. This 
routine was used by the emulator's error diaanostic utili- 
ties, as well as the load and store multiple address regis- 


mere imstructions. 


ae GI ZOUTPUT CONTROLLER 


Althouch the AN/UYK=20's IOC was not emulated, several 
of its desian features were imitated in creating a general 
purpose ¡nout/outout controller for the emulator. The 
Meer /öoutput command instruction (55 RR) initiated the 170 
sequencer and reservea several cells in the memory mapping 
for 1/0 control words (Fiaure V-9). These control words 


contained fields which indicated what perioheral device was 
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selected, the number of buffers that would be passed, 
whether input or cutout was desired, and where the buffer 
was locatea. Two additional words were reserved for control 
Same reauired to interface with the disk and the CRT. The 
disk input/output microcode was not incorporated into the 
controller, but the framework was provided so the IOC could 


be reanily inserted in tne future. 


mE 1-56 5 IOC section was located in the utility 
seetion of the emulation, ana operated asynchronously with 
በጠ ፡፤፣የሮዕርቨዌ255 [0P. Since the IOC was collocated with the 
emulator in the sare D-machine, it was not capable of 
indeoendent processina. Once it ቿ initiated, emulation 
execution waited until input/output was completed. The emu- 
lation nad to use the Burrouans Common Lanauaae, since the 
IOP was microcroarammed to acceot only this character set 


from other D=macnines. 


In orqer to transfer a 55-word line printer buffer to 
the IQP, the AN/UYK-20 emulator IOC had to use 66 AN/UYK-20 
առ im order to send 2U words to the CRT, the IOC had to 
Someruct a U0=woroa buffer. The COMPRES subroutine packed an 


AN/UYK-20 buffer of 66, lo-oit woras into a 32-oit, 33-word 


buffer, suitable for cutout to the IOP. 
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MISTI: ON input, a 20-word IOP buffer from the card 
reader or CRT exoanded into a 40-wora AN/UYK=20 buffer. In 
this case, the EXPAND subroutine split every packed 32-bit 
word of the IOP's buffer into two 16-bit words, suitable for 
processing by the emulator. These additional data transfor- 
mations were required because of the buffering requirements 


of the Burroughs IOP. 
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VI. EMULATION TESTING 


ማን 6 ያፕ” የተገን ዐዮኮ TESTING 


The ԱԱ» testing technique utilized throughout 
the develooment of the emulation consisted of three aistinct 
phases: 1) each module was independently assembled and 
debugaea until successful assembly was achieved, 2) each 
progran seament was then tested for accuracy of the intended 
operation, and 3) tne composite emulation program was tested 
under actual program conditions allowing for interaction 
among several modules. A  debpuaaing package, which was 
developed early tn the emulation project; was the primary 
test vehicle for verifyina emulation coding. Development 
and testina of the loader was, however, completed prior to 


the creation of the depuacer. 


Loacer testina was accorolished by monitoring the مه‎ 
temo! oane!) lights and synthetically halting program execu= 
tion Vie the insertion of '‘WAIT' statements, forcing the 
desired register to be transferred to 'MIR', and then re- 
examining ՆՏ... Wets This orocess was extremely 
tedious and time consuming tut oroved to be an invaluable 
tool for recoanizinc oeculiar TRANSLANG constructs and 


microinstruction execution side effects. 
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Each module was subjected to an extensive gesk checking 
process in order to reduce trivial assembly errors before 
Summing it a the machine. After a successful assembly had 
been achieved, the code was merged with previously existing 
assembled modules. The emulator was expanded as more 


modules were added, with utility routines being incorporated 


sa OR to the oocode proarams. 


Initially, the leader was designed, programmed, and 
thorouahly tested crior to the ricroprogramming of any. 
ANZ/UYK-20 instructions or utilities. With the loader imple- 
mented, the emulation of the UYK-2Q0 instruction repertoire 


coula orocede with a minimum of loader induced problems. 


Inderenacent opcodes and various utility routines were 
added to the oreviously assemoled programs. The final emu- 
տն 7-25 15:64 of a total of 205 occodes, a set of utility 


programs, and a workable loader. 


In the next phase of testina, every module was subjected 
to a representative number of test cases which demonstrated 
how closely they corpared to the documented AN/UYK-20 opera- 
tion. Artificial environments were created to subject every 
opcode to a variety of situations. Whenever the operation 
of the opcode disagreed with the documented AN/UYK-20 ooera- 
tion, the oocode's function was thoroughlv researched. The 
opcode's side effects were categorized and questions formu- 
lated. Often tne answers could only be obtained from the 


ան ՆՅ field engineer. 
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Tosııllustrate the complexity of testing, an add instruc- 
tion was tested with numerous operand combinations: two 
positive operands, two negative operands, one of each sign 
yielding a negative result, opposite signs producing a posi- 
tive result, and ooposite sians producing a zero sum. Dur- 
ina each addition operation, the overflow, carry, and condi- 
tion bits Had to oe monitored in status register 1 to verify 
their appropriate settina. This level of detail was 
achieved with all of tre implemented oocodes in order to 


produce an efficient and accurate emulation. 


Throughout the entire testing scenario, which composed 
20% of the emulation project, the debugger routine (DUMPREG) 
provided the necessary information for examining opcode exe- 
cution. +A representative sarole debugger output is provided 


a Appendix D. 


OUMPREG oermitted a snaoshot of both  AN/UYK-20 general 
Bester stacks, PSW, SRI, and SR2, in addition to the D- 
machine registers (A1, A2, A5, BPI, AMPCR, MIR) and the Bur- 
roughs external clock. DUMPREG possessed sufficient flexi- 
bility to be incorreorated into the microcode at any ۰ 
In the final emulator, however, the debuager 1s user speci- 
fied, and En. dump the  AN/UYK-20 emulator environment 


either at every instruction fetch and orogram stop, or when 


called a loader control card. 
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B. SAMPLE TEST PROGRAMS 


After subjectina the entire emulation to extensive test- 
ing, some representative test programs were developed to 
demonstrate the feasibility of the emulation and its capa- 
bilities and performance as compared to an actual AN/UYK=20, 
There were two Programs which were selected because they 
incorporated numerous emulation features. The two programs 
were the solution cf simultaneous linear  eauations by 
Cramer's rule ana generation of prime numbers. It must be 
noted that streanlinea oroaram desiqn was not emphasized but 
rather utilization of a variety of opcodes and features of 


the emulation. 


The proaram for solving linear equations contained a 
total of 28 oncodess reauirina 28 opcode execution cycles 
and 43 instruction fetches. The program demonstrated all 
four fundamental mathematical operations, numerous store and 
loaa functions, a comcarison test and a jump instruction. 
The capability of cerfonming card reader inout and output 


was added when the erulater IOC was completed. 


The prime number crogram demonstrated 30 1 m S (e pue t u @ m S 
which requireo 116 opcode execution cycles, and 1228 instruc- 
tion fetches. This oroaram illustrated numerous comparison 
tests, loobpina structures, several jumo instructions, a load 


արո ր|Բ6 instruction, addition, and division. The test pro” 


Grams are included in Appendix E. 
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Cree tes! RESULTS 


The performance analysis) of the test programs consisted 
primarily of running numerous test cases, examining the 
results for accuracy and computing the total time required 
to execute the emulated AN/UYK-20 crograms. The timing of 
the orograms was accomplished by usina an external clock 
available on the ICP. The clock time provided a fairly 
close representation of the emulation execution time, but it 
cannot be considered a comoletely accurate measure since the 
emulation must interreaate the IOP to retrieve the external 
clock contents. Approximately 50 microseconds are used when 


sampling the clock. 


The time recuirements of the AN/UYK-20 program execution 
were hand-calculated by summing the published instruction 
execution tives as oresented in Ref. 21. The emulation per- 
formance ratio (EPR) was comouted merely to give an approxi- 
mate indication of the emulation cerformance. The EPR is 
the ratio of measured Burrouahs emulation time to the calcu- 
lated AM/UYK-20 execution time. lwo EPR SURES are 
recorded: one with pagina implemented and one without. The 
pagina EPR figure is sianificant only in that yt indicates 
how much additional overnead must be incurred when emulating 
the paging mechanism of the AN/UYK=20. Tne required addi- 
tional execution time was about 26%. Naturally» paging 
overhead is directly proportional to the number of  instruc- 
tion fetches or memory references oerformed during a pro- 


aram. 
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The results of program 


Number of CUbcodes 


Number of Fetches 


Execution Cycles 


Time w/o 292۹ 


Time with Paaing 


AN/UYK-20 Time 


ከ ሼይፆርዕ Pagina 


EPR with Paging 


These figures 


the two machines. 


emulation characteristics. 


\ 
CRAMER'S RULE 


28 
43 
28 
5000 usec 


8000 usec 


78 usec 
64 9 1 
105 512701 


testing are as follows: 


PRIME NUMBERS 


30 

12 

116 
13000 usec 
17000 usec 

1 2 ርጋ 
BI 
| 


represent only aporoximate comparisons of 


These comoutations proviae an estimate of 


was projected to be 65::1. 
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VII. SUMMARY AND RECOMMENDATIONS 


A. EXPERIENCE WITH HARDWARE 


The emulation oroject provided the unique opportunity of 
learning about two computer systems. The Burroughs D- 
machine demanded a detailed knowledae of hardware operation, 
as well as a thorough understanding of dus ٧٩٢ ۴م مع‎ ۹۰6 
language, TRANSLANG. The computer architecture and proces- 
sor capabilities of the AN/UYK-20 had to be investigated and 
then integrated into the control store memory of the 


Burrough's D-machine. 


On several occasions; hardware malfunctions with the 
Burroughs eauioment crevented normal system oreration. The 
card reader was inooceracle for several weeks, and the disk 
drive unit had to be reoaired several times. During the 
final three weeks of project development, one ۹ 
ceased to function properly. This restricted emulation 


testing to the remaining D-machine. 


Althouch these hardware difficulties impeded normal pro~ 
gress of the project, they did not prevent the emulation 
from successfully oeinc completed. If a hardware problem 
Drevented emulation testina or debuaaing, other modules were 
designed and testina was oostooned. This permitted con- 


[11113] erulation development regardless of the haraware 
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status. In addition, considerable time and effort was 
invested in trouble-shooting hardware malfunctions, so they 


could be isolated, diagnosed, and recaired. 


BER LESSONS LEARNED 


The emulation project brought together many different 
Computer science techniques and disciplines which will be 
useful in future comouter science endeavors. A great deal 
of exoerience im both comcuter architecture and operation 
was gained in two different types of computers. Micropro- 
grammina provided new insight into computer desian and 
revealed many potential acolications for proarammable con” 


trol store machines. 


Since emulations normally require a larae development 
effort, this project had to incorporate judicious system 
design and oroject management orinciples in order for it to 
be completed successfully. Careful monitoring of critical 
stages of the emulation, ana coordination of the programming 
effort ርዕ meet scneduled  reauirements, was necessary 
throughout this research. The small oroaramming team con- 


ceot proved to work extremely well in this project. 


Finally, several software oractices were strictly fol- 
lowed that Oroved to be invaluable in constructing the emu- 
lation. First, modular oroarammina succeeded in partition- 
ina the emulation ınto discrete modules which could be 


designed, coded, tested, and innlementea individually. The 
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emulation was constructed in seaments, using the previously 
verified modules as a test bed for the new modules being 
built. Structured croqramming and prolific documentation 
were useful in developing each microorogram routine because 
they permitted each team member to understand the function 


of the prooram and how it could be used. 


٤و‎ EMULATION PROBLEMS 


The most significant oroblem of the emulation was not 
having had any exoerience with an AN/UYK-20 and not having 
anyone readily available with prior AN/UYK-20 experience. 
This lack of kno4ledae createa some anxiety when attempting 


to analyze the ramifications of individual opcodes. 


The idiosyncrasies of - certain oocodes were not made 
self-evident oy the AN/UYK-20 software manuals. Consee 
quently, numerous code modules were redesigned when more 
detailea information was provided by a UNIVAC field 
engineer. This provea to be very time consuming, ineffi- 


Sent, año frustrating. 


Another erulation difficulty was the lack of working 
registers in the host machine as compared with the target 
machine. While tne AN/UYX-20 has either lo or 32 general 
registers, aepending on whether tne second stack option is 
incorporatec, tne D-machine has effectively only seven work- 
able registers containina 16 bits or more. Therefore, all 


AN/UYK-20 reaisters had to be mapped into S-memory which 
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created much longer reaister read/write times. This created 
significant reaister manipulation problems which in some 
cases required main memory references for instructions 
intended to be strictly  register-to-reaister operations. 
Consequently, increased execution times resulted in a higher 
emulation cerformance ratio (EPR), decreasing the overall] 


emulation performance. 


De RESULTS 


Emulatina the  AN/UYK-20 on a Burroughs D-machine 
required a consideranle amount of preparation and planning 
before any results were realized. An in depth analysis of 
each computer's architecture and operating characteristics 
was conducted to insure that an emulation was feasible in 
he 1፡1“ այո» ceriod. From the incerticn of the pro- 
ject, the goal of tne emulation was to imolement a Standard 
AN/UYK-20 processor. This decision was basea on the capa- 
oility of the Deracnine ana an estimate of how much time 
would be involved in Aevelopina, debuagina» and testina the 
final product. Altnouch this goal was achieved, it was felt 
more time could have been devoted to testing and verifving 


emulation operation. 


The AN/UYK=20 emulation was a hiahly complex micropro- 
gramming project involving numerous gata structures and 
ա 1-06 ծ15. 4 total of 205 AN/UYK=-20 instructions 
were emulated out of nearly 290 instructions in the reper- 


oN Re 22 )ս. ՈՃ 811 IOC, math oac, and clock interrupt 
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opcodes).  AN/UYK-20 aiaanostic programs and user programs 


will establish the validity of the emulator's construction. 


E. RECOMMENDATIONS AND FOLLOW-ON TOPICS 


Altnough 205 opcoaes have been implemented, tested, Յոժ 
developed into a working emulation, there are still many 
challenging avenues tc pursue in creating the complete emu 
mon 2361396٢ First, testing is a continuous process and 
should oe performed in conjunction with code optimization. 
A comprehensive ccde ootimization effort could improve the 


EPR without sacrificina code readability. 


Seeomea, the floating coint and 'math oac' options could 
be implemented. The addition of floating point arithmetic, 
trigonometric, and hycerbolic functions would significantly 
Strengthen the scientific capabilities of the emulation. 
This would be an extremely strenuous undertakina but would 
EEN more tactical data apolications of the emulation, 


increasing its value to the Navy. 


Une area which could be examined 15 to perform a 
comprehensive timing analysis between an AN/UYK-20 and the 
emulation. This MEE sisi of collectina numerous bench 
mark orograms from Navy AN/UYK-20 installations, where per- 
formance data coulda oce accurately obtained. These Programs 
could then be run or the emulator, and analyzed with the 


penen mark results. The feasibility of reolacing or substi- 


tuting emulation host machines for target machines could be 
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addressed and Suppcrted ርሃ the timing analysis study. 


An emulation of the AN/UYK-20 input/output controller 
could be incorocorated into the emulation without serious 
difficulty. Since a second D-machine is available, the IOC 
channel orocessor InstrVetions Could be emulated and 
inserted into that D-macnine's control —— The indepen- 
dent processing characteristic of the AN/UYK-20 IOC would be 


fulfilled usina tnis arrangement. 


Finally, when the Burrouahs system is linked with the 
computer science decartment's PDP 11/50, the AN/UYK-20 emu- 
lator could be connected to that system's peripheral 
resources. Ths) would allow future incofooration of an 
AN/UYK-20 ULTRA assembler and a CMS-2M comoiler into the PDP 
11/50 system which coula then produce machine language 


object دهع‎ files for the AN/UYK-20 emulator to execute. 
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APPENDIX A. AN/UYK=20 EMULATOR USER'S MANUAL 


This ocescriotion is designed to provide sufficient 
information to operate the AN/UYK=20 emulation program. It 
is assumed that the informal Burroughs D-machine manual in 
the Burrouahs laboratory will supply adequate Power-on 
instructions and solve any hardware operatina difficulties 


which may arise. 


The procedure for utilizing the AN/UYK-20 emulator can 


۴ 3 3217۱0٧٩ into four chases: 


1) selection of the necessary loader control cards 
WEL). 

2) selection of the AN/UYK-20 oroaram instruction set. 

3) implementation of ohases one ana two into the 
pegusreg card er CRT format. 

4) actual haraware imolementation on the Burroughs 


D-machine resultira in orogram execution. 


Phase one can De achieved by selecting the desired 
loader control caras oescrioed in Appendix B. The card for- 
mat is identical to the CRT format, except that the CRT 
requires the user to «carriage return?» at the end of every 


line of input cata. 


Phase tuo is accomplished by creating the AN/UYK=20 


proqram fron a subset of the 20S emulated instructions. 
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Phase three consists of keypunching the desired JCL and 


AN/UYK-20 orogram in the format illustrated in Appendix C. 


The resultina job aeck will typically be assembled as 


follows: 
2510۵0 TED/UYK20-0BJECT % loads the emulator into 
micromemory 
Լ 00004 » load the program into 


page 4 


ጠን ፡ ፡ሜ፡ ፡ ር/፤፤]፤ INTERRUPT-=EXECUTION ENDS * 


ԵՐ Սի TAPLEMENTED-EXECUTTON ENDS " 


աա. ሪጋ CIVIDE OVERFLOW = FAULT ENTERED” 
دږ پھ‎ X koX RO Ko X EX XX X kk 


other desired JCL 


X X X X X X X X X X X xk X ج ها‎ X fX X * * پ د ج‎ 


AN/UYK-20 Proaram 


05,078,90 21 1 ՐԵԹՐ ՐԱ է 
(a s Owo oeren) (randatonyvicarao) 
6 * COmmence orogram 


execution 


OIM) % machine status (reg. dump 


at termination) 


E % end jot card 
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Finally, ohase four consists of the entire proaram deck 
being loaded into the card reader. It is assumed that the 
IOP is at address 0015 hex, the selected interpreter is at 
address 0549 hex, the line printer is 'READY', and the IRQ 


Sch 1S ‘off’. 


The IRQ switch is a three-way toggle switch mounted on 
the right side of the interpreter. In the up position, IRQ 


is "on horizontally it is ‘off’, and the downward position 


is used for external functions. 


If either the interpreter or the IOP 15 not at the 
proper starting address, clear them ሮሃ  aepressing the 
RAR button on each unit. If this procedure does not 
remedy the situatior, consult the user's manual in the 


Baboratory. 


Upon reading the ?SMLOAD card, the system will load the 
AN/UYK-20 emulator object program into the micromemory of 
the selectea interoreter. The orogram adaress counter (on 
the interoreter) will be at the beginning of the emulation 
program, adgress 0000 hex. At this point, the user can 


select CRT input and outout by placina the IRQ switch to the 


on' (uowaro) oosition. If CRT inout 1s not desired,» leave 
Siem tka Switch in the ‘off’ (horizontal) position. Next, 
force step the intercreter oy momentarily depressing the FST 
button  (ubpermost push button on side panel of the inter- 


preter). Do not hold im the FST button. This may cause 


some ungesiraole side effects. 
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After depressina the FST button, the AN/UYK-20 program 
is  loaged into S-memory. If tne input is expected from the 
CRT, the user must enter his program from the console. Othe 
erwise, the emulator will request cards from the card 
reader. Once the program nas been loaded and the 'G' card 


read, program execution beqins. 


After successful program termination, the orogram 
returns tO the loader and asks for more input. At this 
point, tne user may terminate his job, or start another load 
sequence. It should be remembered that the AN/UYK-20 emula- 
tor has been designed for monooroaramming execution. Dt 
executes one program at a time, but can execute any number 
of proarams in secuential order if desired. When the job is 
terminated, the D-rachine returns to its starting address 
(0000 hex) and awaits further orocessina. “hen the user 
returns to the start address, the system is effectively 
‘master clearea' since S-memory will be cleared prior to 
executing any furrner jobs. It is not necessary, however, 
to use tne ?SMLOAD card for additional proarams or program 
re-runs because the emulator object code still resides in 


4 
micromemory. 


If the results of program execution are not as antici- 
ES USE of either a 'T' or ‘Tl’ option (trace card) is 
recommended to provide the user with a fetch-oy-fetch pro- 
Gem trace with the output to the printer or CRI respec- 


tively. 
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APPENDIX B. LOADER CONTROL CARD FORMATS 


CARD COLUMNS 


B R decimal addr 
N 
R 
E decimal adar character string followed by a 2 
D decimal addr data 
E 
E decimal ador 
I 1 reas data 
e 
L dec. cage num 
M 
1 
P 
R dec. number 
3 1 
ፐ 
1 


Note: All numeric fields are in decimal. 
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Control Card 
Identitifier 


B 


LOADER CONTROL CARD DESCRIPTION 


Description 


The '8' cara is used to implement the 
breakpoint feature of the emulation. 
This features allows the user to specify 
a decimal address in columns 4-8, 
Column 2 must contain a R or N to break- 
point on a read or write operation 
respectively. The default condition 15 
breaxcoint on both read and write. 


The 'C' card is used to insert character 
Strings into memory. The character 
String starts in column 9 and continues 
until terminateco by a auote symbol (") 


or the strina reaches column 80. The 
decimal address where the character 
Strime Wall be written is given in 
columns 4-8. A blank or zero address 


field causes the character string to be 
inserted at the current load address. 


Ihe 'D! Card 1S used to store decimal] 
data from columns 16-20 into the memory 


agoress found in columns 4-8, A blank 
or zero address fiela causes the data to 
be inserted at ‘the currrent load 
aadress. 


thes Care دل‎ 9 to indicate tne 
end-of-job and therefore 1s a mandatory 
control card for job separation. 


1 ከ6517.) cara or “GO “card ws used 8 
Start execution. The starting decimal 
address is in columns 4-8. The aefault 
value of a blank or zero address field 
will cause oroaram execution to start 
adoress 01024. 
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ኢላ 


The 'I' card or set index register card 
is used to store decimal data from 
Columns 16-20 into the register  desig- 
mated in columns 7-8, into the general 
register stack (1 or 2) specified in 
column 2. 


Ibe lL Sr load card is used to parti- 
tion memory into 256, 250-worg (32-bit) 
vades and to load the program into the 
decimal cage as referenced by columns 
4-8, Pages 0-3 should not be used 
Decause they contain the reauired emula- 
tion reaister mapping and established 
workspace. The 'L' is a reauired con- 
trol card, and it is recommended that it 
be the first JCL card. 


The 'M' card or machine status card pro- 
vides a register dump, whereever it is 
inserted. It is normally placed between 
tmer UG Fand 'E' cards tn the JEL deck. 
17 5 | is olaced in column 2, the 
machine status dump will be sent to the 
անք دا‎ 7 ٤ ٢ contain these elt 
value all AN/UYK-20 general registers, 
the PS", SR2, next instruction address, 
the breakpoint adaressr and clocktime. 


The 'P' card is used to implement քոց» 
TRG. 


The 'R' or reserve space card is used to 
reserve memory space as specified 
decimally in columns 4-8, 


The 'S' card is used to simulate setting 
of the proaram stop switches (1 and 2) 
on the AN/UYK-20 maintenance panel. 
Column 2 must contain a 1 or a 2. Two 
cards are reauired if both switches are 
to be set. 


The 'T' or trace card proviqes a fetch= 
oy=-fetch croaram trace, dumping the 
entire machine status on every fetch 
cycle. 1 3 ھل د‎ COI USD 2:, 6 55 
will be displayed on the CRT. This card 
is recommended for aebugaing programs. 
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APPENDEX C. 


Format 


Card Columns 


AN/UYK-20 EMULATOR INSTRUCTION FORMAT 


ÁO C ښ۸ ج۸۸‎ X 0C eee kk Oeo oe koe exeo koe eoo ooo ko پچ‎ ok ok ok ok 


T 


, 


, 


, 


ապա` Ալ 


' í! : ٥ لو د‎ 


١ ام‎ : ፥ Յ 


J3 14 
I! m. 
15 ա. 1-27 
mee, ve 


elas stare an octal with the exceptions of 


addresses and the 'y' field which are decimal 


5 6o 
RR, RL, 2٥۴ 
DI 176 e 
د5‎ 5 
RI Type 1 opcode 
> 6 
RK, RX opcoce 
Notes: 
1111 
DONAT] 


fielas must be zero-filled 


3) The followinc field restrictions must be followed: 


Field 


Opcode 
"Fur 


Fange 


00-76 
9m 
OT 
00-17 
000-377 
00000-65555 
00000-65555 


Base 


octal 
octal 
octal 
octal 
octal 
decimal 
decimal 





APPENDIX D. SAMPLE DEBUGGER OUTPUT 


This aocendix orovides a sample program output  illus- 
trating the Trace option. The debugger is called at the 
beginning of every instruction fetch, and at the termination 
Of the programs Scace has been provided for dumping 48 
memory adaresses includina emulated åN/UYK=20 registers and 
D-macnine registers. Each output line consists of eight 
regions printed in hexadecimal with a total of eight hex 


Bra (5c bits) per region. 


Peer ltstime is annotated to indicate the identity of 
Bach output cell. A summary of cell definitions (numbering 


pom left to riaht, too to bottom) follows: 


DECIMAL ADDRESS DESCRIPTIGN 
*oX X X koX koh X X X X o ok ok ko o& ok kk ok eoe ooo X 0o ko x koX ox Xx kx x kkk 
በሰ = 15 General Reaister Stack 1 
16 - 31 General Reaister Stack 2 
32 Proaram Status word (PSw) 
55 Breakooint Register (BREAKPT) 
34 Status Register 2 (SR2) 
SS MEXTINSTR (next load address) 
30 Clocktime 
37 Real-Time Clock (RTC) 
38 AMPCR 
39 Al 
49 Ae 
41 A3 
42 MTR 
43 RRI 


Hue 7 ՆՈԱՏՏՕ 





2 WOVLS DEM NAD 


I 


30330930 
09903401 
00330000 
303300ሀ0 
60339090 
00320030 


IV 


00900000 
ደ0830430፤ 
0033ሀ0ህ0 
00900000 
00900000 


00330000 


00330000 
፤3ከ303፤9 
00300000 

0200004) 


١ ۷۷15 0 EHO one 


(Lv) 
([ኒ) 
(51) 


0330030 


00390090 
09ከ3ሀረ39 
30202300320 
00330000 
00300090 
00330090 


Y 938 NI 


00200000 
#3320000 
00000009 
002000000 
002329030 
00900009 


ዘ:)4,1ሃ 


00020020 
۷٢١ 00 
009390030 
00900000 
00300020 


00 9000230 


00930020 
ሃ59300,)0 
00970000 
00390000 
00300ሀ030 
009990939 


00200002) 
75970090 


00300090 
0 د3 00 
0 00 


00303600 


۸٢ ኪንን) 


00260000 
00000000 
00900000 
90030000 
002900000 
09000000 


JAM 


00900090 
00300600 
00000000 
0030000ሀ 
00000000 


00000000 


000000ህ3 
00900000 
09070000 
00200000 
00000000 
00000000 


0C 3300000 
00 300090 
00000000 
00900000 
00000000 
00000000 


gor 30 JNJ 


002303040 
IE J£00020 
06300033 
00900090 
09000000 
00 0 


111 2 


90900039 
00000000 
009000390 
00330000 
00300000 


00500020 


00000000 
00900099 
00090000 
00900030 
00300000 
00090000 


00060000 
00900000 
00009000 
0090000, 
00900070 
00000020 


11111117: 
ዩርከሀ0030 
00300099 
00990000 
00000000 
02000022 


ULSNI.1 XIN 


20000000 
ዩ0ከ00030 
00000000 
90000000 
00000090 


000230040 


20090060 
£0h00090 
00060090 
00900000 
06000000 
00900000 


€€ 900090 
ዩ0ከ000930 
06900090 
0000000Ժ 
0€ 903020 
90000000 


NO11023X3 323N3HH02 


(11ሃዘን ዘዘበ138 3ለ11በ3]83 


11በ538 3801S ONY YT 93ከ 04 
3۸11۷٥3۸ ٥ 934 ١ 


93N ٧ 


ገሃዘ1310 5٥201 553000٧۷ 17 (M/Y) INIOd MY 18 
INIDVA 3 
ud O01 33۷۸1 3330830 3 


.03831N3 ٧ 
0٥۸3 ዘዐ011በ33፳3-034ዘ 38114፤41 LON 0 
50٤٥3 ٥0٥٥٧۱۱٥332 3-14 ٥8 021 


D 


Ալո 


23 0 
30900ርሀ8 
00000C00 
00020C0J 
90990630 
91130000 


ՀԱՏ 


3030 0€ 290 
0022 0C 28 
ዐዐዐህዐርዐዐ 
09000C)0 
0000 0€ 230 


9313000 


933130) ل3‎ 
00300(38 
00300699 
0030 0€ 00 
00300ር00 
9ኀ4440ር03 


00uucC00 
0000 0C 08 
000J0€ JJ 
90300600 
0090 0C00 
۷0730 0€ 0ل‎ 


01300 
$1200 


ኔሃ 


ሠርጋዐ0ውር ንዐ 
16 ٧۵ 06 0 
0 0006 و‎ 
ዐፊዐዐዐር ጋዕ 
0¢ 00 0C 0 
)دک‎ 


Unp HE 


ፎ198ከ፤፲ርህ0 
tChu0c 00 
0۷00 36 30 
06009000 
ዐር000ርጋ0 


ፍር300ር ሀሀ 


12800600 
TO hO OC 30 
UC 00 0C JO 
ዐር300ር ሀሀ 
060230000 
6ل‎ 00 06 


3ርጋ90ዩ0ኗ 
10111141 
JvC000C 00 
Ju J0 0C 200 
0C 00 0C 30 
260006 0د‎ 


006 3» 0۰7 0 
Հ041020":ՀՀ 
10 ٥ ع‎ 07 0۰ 0 

ደር 

tc 

62 0T0 


MOVINSAO 301410 22200 


11:۷ ل1‎ 9ርሮ00 
ከ0900 


T1 
vi 


Ó O O = e. D‏ سا 


zV 


00 3000 90 
ዐርክህዐረንጋሀ 
00090020 


00 J000 J0 
00 0000 23 
hO h JOO J0 


MSd 


49600429 
ዐዕከህዐረንጋጋ‏ 
ل رد 000 ل 00 
00000000 
00000090 


0 د 0000 00 


111111: 
)0հ00400 
00ህ90033 
06000090 
00 000099 
0024000090 


2900020 
00 ۲0 دد‎ 
00000090 
00900030 
0C 0u00 00 
00 0000 د‎ 
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APPENDIX E. SAMPLE TEST PROGRAMS 


The orograms listed in this appendix were designed to 
illustrate how the AN/UYK-20 emulator can be used for 
develocina programs. The first two programs presented are 
the aeneration of prime numbers and the solution of simul- 
taneous linear eauations by Cramer's Rule. They depict 
several AN/UYK=-20 control structures such as looping, itera= 
tion, and condition code testing as well as numerous load» 
Store, and arithmetic operations. Tne last program performs 
the Cramer's Rule algorithm and demonstrates input/output 


routines. 
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9«ህ90ና30፡‹11]*ረ፡1፤0 
S¿£*T5hH 
۱1" ع‎ 1١ 0۰ 0 

سر سیا 

0٥۸2150۰ 00 16 Ta 
)کو‎ 00" 30 O 
06 عغ١‎ 0۰7 ن0‎ T*c* IO 
9ሪ080፡30፡‹1]፡72፡10 
٥٤ 
)05 1» 09 


Lp 





1 1VH 

184 01 ۶80333200 5 ۹8 

٥01 01۸1 3180006 656 

0037 ۱۸۱03 23 

0 ا103 31100032 لا 

«1 X30NI ONV "1 01۸1 VY 56 

T A8 X30NI ONV 1317 

11۱١ 11 0‏ 31100032 لا 

'#ከ011በገ35 Ole ۵03 ٣00٧۷ 031308 LADINO 0 
፤ ሃ ۱۱١۸ Tus Cvol 


ዘከ011በገ0ር 0ክ።8።‏ 5۷2 ېې 


1 1 

ld 01 533208 5 8 

۸ 301 OINI 318003 656 

T v HLIA TYS 04701 

፤ ሃ ዘ11ጸአዘ ሂ፤ 93ገዘ CVO 

4ዘበቦ ገሃ30ገ 

» 938 ۱٧0١3 ۴ "13۷1005 17 

b 934% OINI Y) 204031 111 

1۸ 311006۴ 008372 01٥ ዛ33ዘ3 «ገሃበ33 ۴۳۴ 

44በቦ 8 

08 149 5/h 338 "301۸10 7 

ከ 938 01ዘ1 J 20:01 111 

ሪ *913ከ8 ዛ፤ ፤ SNId ٥08٧۷ 331۸1 “INVISNOD 0401 
41060۴۸ 17 

٤ 938 ٧۷013 P "12۷۸1005 17 

0 939 OINI ) 20401 111 

K1N31 1000 00U37) 1vnO03 dunr 17 

ዘ09ሃኛ 331ጸ1 ዘ[ሃ1ከዘ03 1504۸ 4/ 338 "31015 8 
0T 19 5/0 93Y “301A10 117 

0 9318 OINI 3 "0۷01 7 


1 ዓበገ4 ከ008ሃ 313608 331۸1 ۷۷٥01513۸1003 198 Ol INi» 


J0*s0*«0*'€0 
00*C0*0*' 5€ 

£T *&3* T* CT 
b4C*T*Sh 
TT*&T*0*c0 
LST TST 
hT*ST*T*S0 
01:00:07 JU“1 TZ“ 50 
8€ T00* 00*]1 T*2* 32 
95ህ9*ፍ]፡0፡‹፣0 

ون )اا 

0 ه٥ و‎ 0» 3 ٤6 
3ህ*ር3*0፡5 
ረ፤!ኒን፡፤፡ረሪ፤ 
90፡5፤፡0፡0 
10 ١9 

Vice Te dh 
10" و 0۰ »نل يع‎ 
ህ0፡10፡0፡፣5 

£CO* T* bh 
0C003*4/0*'t0*€* JT 
وآ‎ 
03፡ጁሺከሀህ*።0፡“ኒ5 
ዩር99፤፡00፡/3*ሮ፡1ህ 
T4€* T* Oh 
T0*40*0* 29 
ህ0፡፥0‹0፡፣5 

£CJ* T* hh 
06c000*/0*C0*€* 2T 
وم ههل اع‎ 
90*C0*0*'£9 
6€6€£9T1*J29*10*2* fQ 


` 
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*11ከ፤ 


N0110n23X3 3 
11x3 351۸3۱10 "313۳ ۱۴ 30۷017 1 


1۷۱١1330 350፤ ክ00፪ኛ 1ሃ ዘሃክህ90ዘ84 31NI3X3-34 


٧٥011۷003 ONZ 10 ٢٤۸٤ 023 ዩር300 
ዘሀ[1ሃበ0ጋ3 ዐዘደ 30 33303 x T6900 
հ0117Ո03 በዘደ 30 33303 A ፲(000 

ዘ8344በፀ 803 1ዘበ03 0ክ08 ከ333በፀ 2711ሃኛ111ከ[3ከ 0t 200 


11» 3 351۸۸3110 "303٨۸ 13۴ ۱30۷03 1 


3 
5318۲۱11٤٣۷۸ 39NVYHO Dl 
€ A 
۸ 0116 705 UN 
G X 
*51 11በ538 3ዞ1 
16900 9 OY 
55ሀ50 0 Վ 
հ«020 0 A 
£eozo 0 
11 21 
$310vIbYA 39NYHO OL 
۲ € x 
ር ረ አ 


*51 1 ገበ53ዘ8 Հիլ 


۴6 50٥8 011۷301 NI 1ከዘሃ15አ03 
*0 ከ5ሀና 0 11۷301١ NI 28 
"0 £SOZ NO11VIOA NI Ev *NOI1VNO3 6 


*0 250٥8 011۷301 ۸٢ ١۴ 203 
“40 150ና 0 11۷01 NI 18 


"0 0508 ٥0 11٨301٥ NI 


ty *ዘበ11ሃ(03 13፤ 


5١٥011۷3207 ٤٣1۸01103 1111 ٧٢٣۱ 5001۷3 108103 130701 9NISN 
031035٨1 38 ԷՏՈՒ 011٨033 ۱3۲۷3 ٣03 51٨۷۱503 0۸٨ 5201۷۸ 1312303ت10‎ 11001 41 


٥ 3108 5:٥۷3 ۸0 5۱0۱1۷۸۱03 50030۷11۱ ٥15 0٨۸1 53۸105 ۷۸904 41 
٧۱01۷ 10۱3 02٣۸۴7 ٣٩ Ո 30 ۷٥ 9٥ ۵4 ٢01١٧٥١15۸ 0۷36 ሄ 51 41 
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APPENDIX F. EMULATOR LISTING 


This appendix provides a listing of the TRANSLANG 
assembler output of tne AN/UYK=20 emulation. A source file 
copy of the emulator exists ዕስ disk as well as on caros. ል 


mmerornstruction object file is also maintained on disk. 


Tne listina is divided into four sections. The left 
most section contains the microinstruction address composed 
of four hexaaecimal digits followed bv a 56-bit microin- 
struction created from a TRANSLANG instruction. The center 
section contains the TRANSLANG source which includes labels, 
an instruction, and/or a comment field. The final number 
printea on the right most side of the listing is the 
seauence number of the TRANSLANG source statement. This 
numoer, orinte3 in cecimal, is created by a Burroughs 
SOftware utility oroaram called CARD-LIST. This number must 


be used when editing source orograms on disk. 
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- 
— 


ፎፎ=ፎ ፎርፎርፎፎፎርፎፎፎር=ፎጩኔፎር ይ1ይርፄሼር ፎሬፎፎኤ 


0023480209 
003950230 
00955000 
90Jh $020 


0072 0ک‎ 0 
3ዐን፤5330 


90395090 Qnv h-t 


0036h0J0 
0028523209 
099ረከኮ03ጋ3ሀ 
39033 5000 
00 25 0 


00 2۲ 0 20 O 


002€ h020 
00 2 ٥6 0 
000 0 
00 ( 3 ٥0 ند‎ 0 
9036 £000 
00 98 0 
903ረ5090 
ዐዐጋ32ኗዕ0ሀ 
0035858035 
000ከኮ5000* 
00 د‎ 0 
ዐ03ረ5000 
00)7£09) 
0093972000 
00362030 
00 ( 9 0 0 ن‎ 
39242000 
00992090 
0009Հ0մժ 


ህዐንክከርዐዐዐባዘሃጋ 30 ANI 


007£ 2009 
03322020 
0031፡00ሀ 
002224020 
00361020 
00391999 
00941099 
00291000 
00951000 
3038 1090 
90761030 
00924090 
9023 1000 
00301000 
00969090 
0038930933 
00240002 
00292000 
90050220 
002b 0000 
00783000 
00220000 
00989090 


Y 


፤፤፤፤፤00 ዘ11ዘ8ዘ ኒሃ 30 ህ5ዘዝ 0ኛዐ0] 
۷-۱ 50۱٧01032 0 


*h-T 5ዘክባ102 0በክህሃጋ 30 353890ሄህሄ 17 
002۶5033" 03711۷( 308 111١ 3811003 31۷1340344۷ 4 


10851400 Y SI QUvO 3Hl dl 


"431 311N301 


08۷2 101۸03 ¥ ۵03 1 ۸۸ ۱03 3 


= ለጳ90,34 30 ዝከ9 0ከ37 = 8 ከ3ዘሽቨ X 


NO AS 081 100 "0381330 1 


30102 0۷383 111۸ 3011008 4 


08۷32 Y 34 
dH f 


d31S 3513 4185 ዘ3ዘ1 18Y il 
stv = F- IY ፣ረዘዘ 


175 31 


ፎህከሃዛና 1ኛ = ገ 1 NIH 
4315 319ዘ15 ለር ዘዐ1[1[1በ33ጸ«3 319901 


483 31 
1101040 ٥0133 8 


AUOH3H NIYH 9NIOUJ3Z AG 1۷090840 ۹98 


ዛ ዛ M س#‎ 


se pe ee pe 


y 


M ዘ ú M M N M N M M M NM ዘ ከ3001 ። 


(632-0) 


35 ۷٢ «3۷١۶ ۶3151338 5530000۷7 04 


۶590003 2181٧15504 10 ISIN 


(50ሀዐ0ዘ ዐሪን ከ333በ3 1ከ3 


٥١011۷320171 ዘ333በፀ 1ዘ1ሀ4 


"00-,) 51032 018۷3 10 47 
9ዩ-ዩን S109 01۷3 30 7 
ፎደ፤-ፅ 5ገዐ03 008۷3 10 7۷ 
8-5 5102 08۷3 40 7۷ 
۲-1 5103 08۷3 10 7۷ 

7 20 08۷32 33300 لا 


23 3ل 3533100۷ 


CIYA 0008 OAL) 031184 33 01 ከ005 9 
CES NYHA) 50808 0۱٧۷٥٧03 10100 1 


(to 35 
OAL WIVES 
380 «3۷٩ ۱11519383 1Y83N39 430 


X9Y1S 19۷015 0 41 
۷۷15 13۷015 41 
#3913 3411 ገሃ3ህ 

ዛ0114በ3383 30 1 
NOELINULSNI 1۸3۸ 310 7 
081 03151938 5 
8315195138 18[0«98ሃ3ህ9 

፻ ዘሃቋ› በዘዐጸሸጸ 501۷15 ١ 4 
٧3131938 1۷03019 30 7 
98518005፻ 


DE ከድ 8ድ جو‎ at 9ድ pe pe جي‎ pr جي‎ De Uf ye M oy GC GF جي‎ af UE جی‎ M OK Uf Uf جی جن‎ Gf De ከድ 


[29 N3HM 1129 13S 


ኔ 8ሃ233፡1፤ሃ = 3 11] 02018۳ 0603 52 

ኔ 8343 = 1 - INANI 9900 ዐርዕ30 0300 
111 = bxtauva 930) Ս6ժ0 0300 

ኔ €UYH Հ 111 0303 3130 (30 

ኔ 

ኔ 

ኔ 

3 :UITOUINOD 

ኔ 

ኔ 

4 

Y 8348 = 1 - 11 9h0J 9620 0000 

‹፪ር8ኛ8 = TY ከዘ3ዘ1 15ሃ5 NIHA 9300 3100 (308%ሃ 


323029 0600 ር000 
033 300ከ 7۷7۷ 
0400 9690 ር300 
0209 0000 6000 
0300 Չ10ե 1200 
0403 0ር39 0003 


JAYS tulnW = 0 
UVYS = 31 4ህዝ03 


LIVRA 


፥18ሃኛ15 


ú ú Ú M M M M W W M ይጠ፡ ይይ ፡ 


994 ።# ٨04 
902 *" 1511ህ0ህ83 


991 =» 02 


CST w 1.0 


1հ1 ። ርፀ።ጀ//ዐዘሃኝጋ 
SeT " 9Tx£TQUVO 
۸٧٤٢ ۸» 2 
£2] w ۷30 
221 w 12 
ZE} ^ ٨23 


021 ^ 91 
0S n 1 

ከከ ú 5 

gÇ ።* ጋጋ ሐ5 ዛህህዘ 
4€ ^ 21U 

96 ^"^ 1140 
S£ " YISNIAXN 
ከ8 ። eSnivis 
£t w id 

፪፪ = 4 

91 w 29349 

0 =~ 19349 


n n مه‎ 9ዘ144ኛዘ 553800 AHOH3H NIYH mn m ww ^ WM ዛ ዘ ዘ n M" M M" ፄኔ 


G2theres 44/82/20 


avwaiud 


4 107031 80-028 م123 
45۹9 02۸۱/031 


CLL/SZ/10) لا‎ 3710۱ 3፡9 2۷ 41 


699h 8000 
0309 0 
IVL0 0 
608h 9020 
0000 0 
8236 9030 
6199 50.)ህ 
6096 ۲٢دد‎ 
¿18h ኒ03ህ 
0000 0 
8900 1030 
008h 0030 

(20-19) 
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20ccooocooocooocooocoooocoocooocooooocococococoocooooococcoocoocoococo 


000 » 0 
0032911)0 
00 25200 
00 د١ 0د‎ 
002£ TT 20 
00202 T1100 
ዐ03፤1130 


0:۷3 MIN 139 ۷ 2 


3ሻ11በ98 5በ4ሃ145 3ከ1ዘ3ሃ4 04 4ህበየ 
sHa 304 X93HO ሄ 4,145 35ገ3 4345 
sHs 103) 3003 138 


ዐ0ንህ፤፤09አ8ፀበ5 9ዘ1 ገዐዛሃዘ ዛዐ[1ጋ3በ8143ዘ፤ )ዘ4 04 4ዘበየ A 


00360120 
90339700 
0 ده 2 00 
009901799 
00 5( 00 
00 1 0 د 
0 2 00 
033231039 
00370799 
00303190 
90266000 
00286000 
00246920 
002336020 
30056902 
00056000 
00966000 
00726000 
009176000 
00306099 
8329 390236 
00388009 
20348020 
00 وور 00 
ዐዐንፍፄፀዐንዐ‏ 
JO‏ ې د 00 
0 »د 00 
00928000 
20978000 
00333000 
00364090 
09384030 
00942999 
00)9L000‏ 
00351090 
06)h2000‏ 
4909 900£ 
00224000 
0031/92300 
009904000 
00969000 
00389000 
0023493009 
00399300 
90959090 
090593290 
0 2 00 
0032292030 
00319000 
00339090 
5000 0036 
saracnın‏ 


ANYI3 UOJ 33132 € 185 35313 4315 
ዝዘሃገ1ፀ 303 300) 3 


3INI1NOY INIYAS BIÍLIVIVHI 01 ՉԻՈՐ $ 


#1ዝ5 3313 4343 
eJe UNOS 3009 138 


aJa 403 ዝ33ዘ3 Y 


4ክ11በ08 33ሃህ14 04 4ዘህበየ 
ein 10) 33213 ሄ 4145 3513 4315 
ոռ» ህ04 3003 138 


3NI 103) S3HO1IMS O4 dHhf 
و؟وھ‎ YOY 3313 1 41:45 3513 4315 
sS. 803 3003 130 


JNTANOS 33۷ 4۶3۸035 318 01 4ዘበየ Y 
و لاه‎ ۵03 332113 Y 29۱۷۶ 35 13 75 
«e Y03 3003 8 


3١1100 118 9NI9YJ 133 01 ٣۴ 
ede 803 3111۱3 ሄ 91۷۶ 3513 756 
sds ህ03 3003 8 


20110083 0۷٥3 OL ۴ 
sls ህሀ4 33۱3 b dIMS 3513 4345 
sls ከ043 3003 139 


3ዘ፤1በ08 939 X3üNI 13S 3٨1 01 MHA y 
sls 803 933 ሄ ,1አ,5 3513 4345 
sis 403 3009 383 


3ዘ811በ08 09 04 4ህበየ 
«le ህ07 ክ33(ቨ3 ሄ 4,135 3513 4315 
s9=| 403 300) 8 


۸ 0010431 3211۷۱111 13 "۱0١1١١ ۱١٥31 7۶ 
sJa 001 MINI 4 4,41ዛዝ5 3513 4343 
«3» 403 3003 130 


3NI1008 VIVO 04 4ዘበየ 
«Us Y04 ክጋ33ዘ3 ሄ dINS 3513 3 
süs 003 3003 8 


311008 14አ8104ዛ384 04 4ዘበዮየ 
sûn ዝህ043 313 4 91۷۶ 3513 3 
sds ዘ043 3003 194 


*3ዘ0 ዘዘበ103 4234 
ህጋ፪ዚ3ሃክኝሃዘን ዘ1ፈ1ጸ ዘ31451953ክ 4 30 OST W994 


ኔ 
5 ህ348 = T - 0OYYIMSI 
2 
ኔ 


8348 1 - 1ሃ15ዘ3ሃዘ 
ዘ3ዘ4 3በክ4 31 «9 ገ03 111 
ኔ 41ገ = 9 
s 
8344 = 1 - NOTLINGISAI 
ዘ3ዘ4 3በዘ84 di (18 103 111 
ኔ 111 = Gh 
ኔ 

8348 Հ F = 21123 
ዘ3ዘ4 3በክ4 31 £y 103 117 


ኔ 111 = 61 
5 
ኔ 8344 = 1 - 33ቼኛከኒ1 
N3H41 3nuUu4 31 19 103 111 
x 411 = 15 
ኔ 


y 8348 = 1 - S3HO31IMS 
ዘ3ዘ4 3በዘ4 11 sa 103 117 
ኔ 411 = 05 
Y 

8348 = 1 > 33ሃፅ53ለዘህ353ዘህ 
N3H41 3በዘ84 31 ፣9 ገ03 111 
ኔ 41] = Th 
^ 

% ԱՅ دت‎ P - 9NI9Yd13S 
ዘ3ዘ4 3nal 31 80 103 111 


ኔ 117 = 6£ 
ኔ 
ኔ 
ኔ 8344 * T - Qvo?! 
ዘ3ዘ4 3በዘ84 dl fd 103 111 
y 117 = Sf 
ኔ 


8348 = ፲ - 23130۸1 65956 
N3H1 3NYA 31 £0 103 111 


ኔ 101199962 
* 

* UJdH = F = 09 
NƏHL 3በክ፤1 31 fg 103 37 
ኔ 111 = ` ç¿ 
ኔ 

ኔ 8344 ። ፲ - 18513 
ዘ3ዛ4 3በ81 41 13 103 111 
ኔ 119 = Té 
ኔ 

ኔ 834ዘ = TF = vivo 
ዘ3ዘ4 3በ81 31 18 103 117 
ኔ 111 = ር2 
ኔ 


ሄ 8348 « 1 - ۱٧۳۳0 
N3HL 3nut 3l tQ 103 117 
ኔ 117 « ٤ 

8 ገዐ3 111 
ኔ 
ኔ 
x O = u B8 ONY Tv 
NYS = A $11 =ፎ የዋ 


0h0J 


ዐከዐሀ 
0403 
3300 


ډم د 
0302 
3303 


0h02 
0300 
0303) 


0 hO J 
0400 
0300 


0803 
0309 
0300 


0ከ00 
23400 
0300 


0ከ90 
0300 
0300 


0h00 
0409 
ህ300 


ዐከዐጋ 
0300 
0303 


0ከ00 


0300 
9300 


د 0د 0 
د 40 0 
0300 


060) 
032309 
3300 


0h00) 
030) 
0300 
0300 


0400 
0600 


0030 


ህርሀህ 
ዐርዐዐ 
06 90 


وون 
ዐር00‏ 
uc 0o‏ 


uc OU 
ኃርሀዐ 
0090 


ԱՂԱ: 
0600 
9000 


0000 
9C 90 
0C J0 


00 00 
060 
00 


3€ 99 
9C 90 
0¢ 00 


0693 
oc oo 
0000 


0009 
ህርጋ0 
ocoo 


ሀርዐዐ 


ህር30 
ህርሀዐ 


06 90 
0000 
ህርሀዐ 


9690 
ዐር30 
9C 0J 


ودد 
360 
UU OU‏ 
0000 


36 9 
0000 


0 000 


ር000 
2592 
C000 


0000 
ՀՋՉՇ 
0090 


C00) 
ፎፍጋፎ 
0 JU0 


C000 
የ635 
ር000 


0000 
2592 
€ 200 


0099 
2532 
ርህ00 


ር000 
2992 
C000 


030) 
2S92 
دږ‎ 


0903 
ՀՋՉՀ 
C000 


C000 


2632 
ርሀ90 


0300 
2532 
0200 


coud 
ese 
C902 


ር090 
esI? 
0000 
2592 


9ሬጋኝ 
0000 


9300 


0000 
9085 
ዐከሮፎ0 


9300 
3089 
ኃዐኗር 


0906 
3099 
ዐኗ፤0 


0700 
9085 
ICCC 


0600 
3089 
ቃፅረኗዐ 


0830 
9985 
06Հ0 


02400 
3085 
0420 


2900 
0999 
3£20 


0900 
3089 
Ս610 


Jh 00 


8095 
0410 


9333 
ووو‎ 
05፤0 


95800 
8085 
39610 


3200 
9085 
ժՀ10 
608h 


6098 
7460 


9¢ J0 


هد د 
ከ፪3ሀ‏ 
Ley)‏ 


2299 
1٤ نار‎ 
030 


3290 
3290 
0530 


IE) 
8299 
YE JU 


6ፎህ0 
9200 
¿239 


9233) 
S290 
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